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Summery 

When studying systems of the counting of time based on the natural solar year, such as in ancient 
Egypt and Mexico, and comparing them with our current Western calendar, it appears that in the 
literature all kinds of questionable, sometimes even incorrect assumptions and starting points are 
used. Very common is the stubborn claim that “a solar year has 365.2425 or 365.25 or 365.2422 
days”. Formulated in this way this is by definition half a truth. In connection with this, the 
assumption that these ancient peoples used a "wandering" or "vague" calendar year that was not 
equal to the length of a natural solar year, causing their calendar to become completely out of sync, 
is untrue. It is often incorrectly stated that these ancient peoples knew this but did nothing about it. 
Or that they used leap days to make up for this difference. But irrefutable evidence for this is never 
provided. 

In addition, it is often suggested that our current Western calendar is the only correct model for 
counting time and should therefore be taken as a reference for comparison with other systems of 
time reckoning. Moreover, the difference between today's astronomical reality and the daily 
experience of man in ancient times is not always the same but is often ignored. Statements such 
as the shifting of the equinoxes and the vernal point are therefore very misleading. And all this 
based on our current system of time reckoning that originated at the beginning of the Western era 
as a malfunctioning Julian calendar. It was not until 1582 CE that it was revised and given the 
current, well-functioning structure. But of course the Ancients could not have known this over 5,000 
years earlier. 

Everything indicates that the core of this problem arises from the Western interpretation of the 
duration of the solar year, and in particular of the solar day in combination with the way in which 
both are compared with other systems of time reckoning. It is the solar day that is repeatedly 
overlooked in all these assumptions or comparisons. It has become, as it were, the stepchild of the 
time reckoning. 

Most discussions of the fascinating systems of time reckoning usually lack an overview of the basic 
elements, structure, operation and interrelationship of the major systems. Information that is often 
only scattered and available in a fragmentary way. Usually, all kinds of references to existing 
sources are sufficient without checking these sources. Reason enough to collect and organize all 
available, relevant and verifiable information into a well-organized whole and, where possible, to 
check the content. This also offers the opportunity to delve deeper into the sense and nonsense 
about the origin and operation of our current artificial Western or Gregorian calendar, the 
relationships with the natural solar year and sidereal year and the sometimes curious role that the 
day is assigned in this. Hopefully this can contribute to a better understanding of this subject and 
thus to a more careful weighing and application of comparisons between the different systems of 
time reckoning. This is especially true of chronology. 
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1 Introduction 


When asked how many days our calendar year has, everyone will say 365 without 
hesitation. Then when the question is asked whether there is another year than 
the 365-day year, most will say the leap year of 366 days. But when asked about 
the reason for the existence of these two different years it usually remains silent. 


This is not surprising, because in normal daily life hardly anyone will really deal with the creation or 
working of calendars. The interest in a calendar usually goes no further than knowing the current 
date, remembering some important dates such as birthdays and holidays, or when the holiday 
begins. What most people don't know, however, is that there is a whole world behind the creation, 
structure and working of what is popularly called the calendar. In our current world mainly known 
as the paper annual calendar and nowadays as the digital calendar or agenda. Measuring and 
keeping time has been inextricably linked to the development and life of humanity from the very 
beginning. 

However, when studying ancient civilizations and cultures, you will inevitably encounter the system 
of reckoning and recording time developed by these ancient peoples. It cannot be otherwise, 
because almost all ancient cultures in one way or another tried to record the most important events 
for them with the help of a system of time reckoning, usually in the form of a kind of calendar. On 
the one hand, this concerned events related to rulers or other high-ranking figures who considered 
themselves so important that all the moments and events important to them, with mention of their 
name, of course, had to be recorded as a very important moment in history. On the other hand, 
attempts were made to record and predict the cycle of some natural, but misunderstood and 
therefore often ominous events such as solar or lunar eclipses, passing comets or striking stars. 
Also the first systems of time notation were used in a practical way by rulers for the regular 
collection of taxes. It is therefore not surprising that the recording of time in the form of calendars 
played an essential role in the life and development of civilizations. But until a few hundred years 
ago it was limited to the class of rulers, priests and scientists, because the commoner did not know 
about this phenomenon of time keeping who, moreover, could not read or write. 

It is mainly thanks to this recording of moments in time in the form of inscriptions, writing or images 
that we have gained insight over time into the different systems used for time counting. Most 
calendar systems that exist or have existed on our globe are now known. Some of these systems 
go very far back in time. It seems as if wanting to get a grip on, understand, control and manage 
time is ingrained in the genes of Homo sapiens because this is as old as humanity itself. Nilsson 
(2015) has researched the types of calendars used in ancient times and concluded that almost all 
peoples around the world started with a lunar calendar. Some peoples then started using the 
lunisolar calendar or switched to the solar calendar. 

Although you cannot see, hear, feel or smell time, we have now developed all kinds of instruments 
to measure the apparent passage of time. We are aware of time only in the movement of visible or 
invisible, solid, liquid or gaseous matter. We then speak of the time it takes matter to move from 
point A to point B. 

Time is called the fourth dimension in science and is inextricably intertwined with the three spatial 
dimensions (point, plane, cube). Space and time together are therefore called spacetime in Albert 
Einstein's theory of relativity. It is therefore not surprising that in the course of history libraries full of 
books have been written about the phenomenon of time. There is also a great deal of literature 
available on the use of preserved forms of time measurement in ancient civilizations. 
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Since the inception of time keeping and reckoning, most calendars have been directly or indirectly 
tuned to the natural seasons. And we still use a calendar today based entirely on the natural 
seasons of the solar year. In addition to calendars for reckoning and keeping time, we have also 
used smooth-running timepieces since the 17th century, which have been refined over time. We 
now work with atomic clocks and nanoseconds. And let's be honest, our daily life is actually 
impossible to imagine without calendars and timepieces. We have become slaves to the 
phenomenon of time. There is therefore something fascinating about the phenomenon of time. I 
suppose that is because time is an intangible and mysterious thing. Science has not yet found a 
conclusive explanation for this either. Nobody really knows what time is. 

However, it is always striking that the time measurement of an old culture is often mirrored to that 
of our modern Western culture and our method of time reckoning. And that sometimes turns out to 
lead to all kinds of misconceptions and incorrect conclusions. The problem here is that it can be 
clearly deduced from the literature that certain previously mentioned facts or assumptions have 
been adopted as the truth without first testing them against the real facts, as a result of which all 
kinds of misconceptions and incorrect conclusions have taken on a life of their own. What many do 
not know or forget is that time in the past had another dimension in the perception of ordinary 
people. A day just started when dawn broke and ended when it got dark. They had no clocks and 
knew nothing about 24-hour days. Their days were the solar days determined by the sun which had 
an irregular and slightly different duration than our fixed 24 hour days. Something that many of 
today don't even think about anymore. 

The way in which ancient civilizations experienced, tried to capture, and control time is a fascinating 
subject. However, in the many years of studying the ancient civilizations of ancient Mexico 
(Mesoamerica) and the Middle East (Mesopotamia) in particular, I have found that much of the 
information on this subject is often fragmentary and usually very scientific in nature. This is 
sometimes difficult to follow and therefore difficult to access for a wide readership. Unfortunately, 
you are also regularly misled by all kinds of incorrect or incomplete information. In order to make 
this fascinating subject as accessible as possible for any interested reader, I have therefore tried to 
make the texts verifiable and accessible in a language that everyone can understand. Whether I 
have succeeded in this is of course up to the reader. 

In the literature it sometimes seems strongly that some authors themselves are not well aware of 
the origin, composition and working of the calendar that is being discussed. This is particularly the 
case when it comes to comparisons of the natural solar year with our current Western, or Gregorian, 
system of time reckoning, often guided by the statements of previous authors. Also, in the field of 
measuring time, knowledge is often attributed to the Ancients that they could not possibly have at 
their disposal a few thousand years before the beginning of our era. 

An illustrative example is the regular mention that a solar year has 365.25 or 365.2425 or 365.2422 
days. This is only half the truth and and therefore misleading. Because what is actually meant here 
is that a solar year of 365 solar days is equal to 365.25 or 365.2425 or 365.2422 Western standard 
days according to the Western system of time reckoning, but on the basis of epoch 2000.0 CE. So 
it is not the solar year that counts 365.25 or 365.2425 or 365.2422 days, but our artificial Western 
annual calendar. This is usually not mentioned. 

In addition, a reference from a solar year from the year 2000 CE is almost always used instead of a 
reference from a year closer to the relevant old calendar in question. Because the average duration 
of a solar year has decreased over time, the use of the contemporary duration over periods of 2000 
or 6000 years can lead to all kinds of deviations. Unfortunately, many calculations and comparisons 
in time reckoning and systems of chronology are now based on comparisons between the values 
of long ago and the values of our modern times. 

What is also always ignored is the day as the pivot, the beating heart, of every system of time 
reckoning. This is the only real measure of time that ultimately determines the duration of a year, but 
is almost always forgotten. In Chapter 3 it will become clear why. I have already demonstrated 
something similar on the basis of facts with the old Mexican calendar, also known as the 
Mesoamerican calendar (Schoenmakers, 2017, 2018). 
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In the latter, a statement by the Spanish clergyman Diego de Landa, expressed in a text from about 
1566 CE, has been adopted as a kind of sacred truth by some scientists from the 19th and early 
20th centuries. Subsequently, this started to lead a life of its own as a starting point without ever 
being tested against the facts. And to this day, this sometimes still appears to be adopted as a 
starting point. Something similar can also be seen with the ancient Egyptian and Babylonian 
calendars and their system of time reckoning. In Chapter 10 it becomes clear that here again the 
source can be traced back to a single person and a moment in history as the source for all kinds of 
persistent misconceptions. 

Reason to make an inventory of the verifiable facts of both the natural solar year and our artificial 
Western calendar, together with their mutual relationships, and on the basis of this to make the 
starting points, insights, assertions and misconceptions stated in the literature transparent and to 
compare them with known and proven facts. Its purpose is to distinguish facts from fictions. 
Hopefully this can contribute to a better understanding of the close relationship between the solar 
year and the Western calendar with the day as the underestimated and often forgotten link that 
turns out to be the stepchild of the calendar over and over again. 
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2 The reason 


Anyone who in one way or another delves into solar year based calendars or time calculations will 
no doubt have encountered the following statements with great regularity: 


a solar year has 365.242189 (or 365.25 or 365.2425) days 

or 

the equinoxes and the vernal point shift as a result of precession 


If the first statement were correct, it could just as well have stated that the solar year has the same 
number of days per year as the current Western year, our Gregorian calendar. But the reality is 
different. 

Regarding the second statement, we can be glad that this is not true either. An equinox is a point 
of the sun devised and calculated by man and inseparable from the orbit of the earth around the 
sun and therefore a constant over time for us. Shifting an equinox on earth would mean for 
earthlings that planet earth's orbit would have changed. 

Propositions stated in this way are incomplete, partly incorrect and therefore misleading, but have 
been stated in this way for a long time and by many in this way in the literature and used to explain 
the operation of and connection between the different systems of time reckoning. A persistent 
practice that has unfortunately already led to many misconceptions and misinterpretations. It has 
become so natural to state these propositions in the above manner that one does not even consider 
what is actually stated. Reason to demonstrate on the basis of verifiable and irrefutable facts that 
the above statements as presented in this way are incomplete and partly incorrect and can lead to 
misinterpretations. It is interesting to also find out its origin. 

Because I have been studying the writing systems, the iconography and the systems of time 
reckoning and calendars of especially the ancient Egyptians and Mexicans, I will limit myself to 
these two systems of time reckoning, partly because both are based on the solar year. But it will 
become clear that the inescapable natural laws that apply to this apply equally to all other forms of 
time reckoning. 

In the literature on the calendars of the ancient Egyptians and Mexicans it is very often read that 
“the Ancients who worked with a solar year of 365 days, also knew that a solar year actually has 
365.25 days, so that their calendar every fourth year drifted away one day with the seasons, but 
that the Ancients did nothing about it.” This is pure fiction and most likely due to insufficient 
knowledge of the solar year, the way our current Western calendar works and the fact that many 
measurements were made between the sun, moon and stars. 

But you undoubtedly also know the saying "seeing blind". Because you don't even have to look for 
the demonstrable and irrefutable proof that this statement is half a truth and therefore even 
misleading. Undoubtedly, mostly unconsciously, you have the tangible evidence in your hands daily 
and probably use it every day. And without realizing it, this evidence even affects your daily life. You 
will soon understand why. 

For the time reckoning, the ancient Mexican and Egyptian civilizations, in addition to a lunar 
calendar, also used a solar calendar of 365 solar days. And from the very beginning I came across 
the above statements many times in the literature. Because I am very familiar with on the one hand 
the structure and operation of both the solar year and our Western calendar, known as the 
Gregorian calendar, and on the other hand with the natural laws that influence this, it soon became 
clear to me that something was wrong in this frequently used theorems. 
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This prompted me to bring together all available and verifiable facts to show that these two 
statements are partly incorrect, incomplete and therefore even misleading. The first calendar that I 
was able to demonstrate earlier to contain a similarly misleading statement was that of the ancient 
Mexicans, also known as the Mesoamerican calendar. Here, a similar misrepresentation about the 
calendar year used by the ancient Mexicans of the Spanish cleric Diego de Landa in the 16th 
century CE led to a similar misconception and deception (Schoenmakers, 2017, 2018). But we will 
see that Landa's false assumption has origins much further back in time. 

In the much older Egyptian era, the origin is somewhat more complicated because of the many, 
often mutual, influences and exchanges of knowledge from and between the different surrounding 
cultures. Ultimately, however, the origin of the first of these two statements, which led to a 
succession of misinterpretations, appears to have started with a Greek astronomer from the 5th 
century BCE who not only the time reckoning in this part of the world, but inadvertently also 
influenced the Western interpretation of both the ancient Egyptian and Mexican calendars. I just 
don't know if he would feel honoured by this. 

In addition to and arising from these propositions, in the wide range of literature available on these 
topics, all kinds of other prejudices, starting points and assumptions with regard to the old systems 
of time reckoning are frequently mentioned. This mainly concerns the way in which in some cases 
comparisons between the old and the current systems of time reckoning are made, presumably 
because the correct facts are not known to everyone. Sometimes even the basic knowledge of the 
current Western calendar seems to be completely lacking. This particularly concerns the origin, 
structure and operation of our current Western system of time reckoning, often together with 
insufficient awareness of the limited level of knowledge of the peoples in question in that antiquity. 

It also happens that certain knowledge of today is attributed without any substantiation by facts to 
the ancient peoples on the obvious assumption that they also had this knowledge. Some authors 
would even lead us to believe that in the field of astronomy we could even learn a lot from the 
Ancients, especially a Mexican people like the Maya. Often it also seems that some authors are 
simply reasoning towards a desired outcome. It is striking that there are authors who directly 
compare current astronomical knowledge with values from antiquity and simply ignore the 
knowledge and thoughts present of the Ancients at that time (see also Conman 2003: pp. 41,42). 

The main thing is that the ancient civilizations from before the beginning of our era knew absolutely 
nothing about a clockwork, a compass or the complex movements of celestial bodies. They lived 
in the age of the earth as the centre of the universe around which the sun revolves. But they had to 
take into account the real natural laws, without even knowing it themselves. The astronomical 
knowledge of the Ancients was therefore very limited compared to our modern knowledge and 
mainly based on careful observation. The knowledge handed down to us by the Ancients must 
therefore always first be judged on the basis of the knowledge then present to them, as far as is 
known from the preserved writings and artefacts. It is only when the view of the Ancients is known 
from the old facts that it makes sense to compare it with the present facts in order to be able to 
judge what the Ancients actually observed and recorded. Unfortunately, this happens far too little. 

It is also remarkable that many authors seem to assume that our current Western system of time 
reckoning, known as the Gregorian calendar, is the only correct system with which old calendars 
and systems of time reckoning must be tested and conform. However, the opposite is true. As will 
become clear in the following discussion, our current Western system of time reckoning is a motley 
collection of knowledge of different cultures woven together by a Greek astronomer over 2,000 
years ago. But it was, is and remains above all an artificial and arithmetic whole that, although 
based on the duration of the solar year and keeping in step with the seasons, has nothing in itself 
to do with astronomy or a natural cycle. 

As indicated earlier, this concerns in particular the natural solar year in relation to our current 
Western system of time reckoning and the various misconceptions that exist about this in which 
facts and fictions are applied interchangeably. 
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I deliberately use the term "system of time" and not "calendar" because a calendar is seen by the 
vast majority of people mainly as a practical, annual straightforward list or table with the division of 
the days, weeks and months. The calendar should therefore mainly be seen as a visualized, 
practical and usable in daily life, part of the system of time reckoning. But the system behind this 
calendar, as we will see, is quite a complex whole and entirely based on a much larger period with 
different game rules. 

Seen all over the world, different types of years or calendars were and are used. These are the lunar 
calendar, the lunisolar calendar, the solar year and calendar, the Julian calendar, the Gregorian 
calendar and the sidereal year. In the different systems of time reckoning we therefore always 
encounter these types of years. Sometimes they are even intertwined. The natural solar year, and 
especially the solar day, is the only real protagonist and was, is, and remains the measure of time 
for all the systems of time reckoning devised by humans in ancient times. 

The second protagonist is the Western standard year of 365 days of 24 hours, based entirely on the 
solar year, to which leap days and occasionally also leap seconds are added regularly according to 
established rules. This system is the de facto basis for the Julian and the Gregorian calendars, the 
latter of which is our current Western calendar. 

The third system is that of the lunar calendar, a constant tormentor of the Ancients in their time 
reckoning to keep pace with the seasons of the solar year. But it is also the source of the succession 
of all kinds of interpretations that have led to various misconceptions. 

Finally, there is the fourth system of time reckoning in the form of the sidereal year in which we have 
to deal with the phenomenon of precession, which also appears to cause confusion and is probably 
the basis of the previously mentioned theorem of the 365.25 days. These four main systems of time 
reckoning will be discussed in the following chapters. 

It is very striking, however, that in all discussions in the large amount of available literature on 
calendars and time calculations, almost always the engine, the drive, the beating heart of every time 
reckoning is ignored: the day, which has become the stepchild of the time reckoning. It is always 
forgotten that it is ultimately the day that determines the duration of a year, regardless of the system 
of time reckoning. And it is the day that has gradually adapted in duration to human need 
throughout history, but in reality has always remained the same solar day. That is why I want to start 
with this mostly forgotten, but indispensable, part in the existence of all human beings on this 
globe. 


Nelson et al. (2001: 526) aptly state in their conclusion that each phase in the 
development of time keeping was at the same time a step further away from 
the sun as a measure of time, in favour of a more uniform, accessible, or easy 
standard time. A truth that we will see later in the comparison between the 
natural cycle of the earth around the sun and the artificial orbit of the 
Western system of time reckoning. 


Since the ultimate aim of this discussion is to clarify the origin of the two previously mentioned 
theses and thereby separate facts from fictions, I will focus in particular on the Egyptian and 
Babylonian systems of time reckoning and the Greek use of and influences on it. This is because, 
after many years of study of the different systems of time reckoning, I am now strongly convinced 
that the origin of some of the misconceptions must be sought in Egypt, the homeland of our 
Western calendar and time reckoning, on the one hand, and Babylonia and Hellenistic Greece on 
the other. 
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3 The day as the beating heart 

The smallest, indispensable, natural part of any system of time reckoning is the day. No time 
reckoning without a day. And yet, in the literature on calendars or time reckoning, little or no 
attention is paid to this very essential part of human life on earth. It's the stepchild in time reckoning. 
And that while the day is the only determining unit that controls calendars and clocks. In the many 
literature consulted on this subject, I have come across only a few mentions, including those of 
Ludwig Borchardt (1920) and Ludwig Ideler (1831). 

Borchardt describes the development of a solar day as a unit of time as it originated and used in 
ancient Egypt up to the Greek period. He gives many examples and very detailed drawings of 
various archaeological finds of instruments for measuring time, consisting of different types of 
sundials and water clocks. His research has shown that none of these are suitable for accurate time 
reckoning. The ancient Egyptians were also unable to get a correct time distribution from the star 
movements. 

And although the natural solar day has remained roughly the same through time to this day, but with 
a daily changing duration, it has, in the interest and convenience of man, an artificial adjustment in 
duration over time undergo. And it is this change that has greatly influenced the way we have come 
to measure the time with which we now work and perform comparisons every day. Because it is not 
useful to start keeping time with days of 24 hours and 57 seconds or hours of 60 minutes and 0.9 
seconds. At that time it was not possible to count with such accurate fractions, only with whole 
units. 

It is therefore not surprising that the irregular natural solar day has gradually transformed over time 
into a universal and constant standard day of exactly 24 hours. Because as the instruments used 
to measure time became more accurate, it became increasingly clear that the duration of a solar 
day was rather volatile over the course of a year. This is clearly visible in the simplified graph of the 
equation of time below. For further discussion, see 3.2 where the annual pattern of this varying 
duration of a solar day is discussed. 
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Figure 3.1 - Annual pattern of the total equation of time per solar day due to the tilted earth axis and the 
elliptical orbit of the earth around the sun (source: Volkssterrenwacht Urania, Belgium). 
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Ludwig Ideler (1831: 33) remarked quite rightly that of all units of time, the day is the simplest and 
surest. Other than the hour and week because they are chosen arithmetically, or the lunar month 
and year, which are averaged by long-term observations. According to Ideler, only the natural day 
can be assigned with sufficient certainty as the basis of all time calculations. And he hit the nail right 
on the head with this. For it is an indisputable fact that all forms of time reckoning have always 
started with the day as the most simple and recognizable natural element of time. The pivot, the 
beating heart, the motor of every calendar, but rarely mentioned in the literature. 

It is striking that in literature a day is almost always regarded as a kind of self-evident, constant unit 
of time that has always remained the same throughout time. However, man has gradually adapted 
the duration of a day to his own needs. From the original natural and irregular solar day to an even 
unit adapted to human convenience with an artificially rounded value of exactly 24 hours without 
fractions. But the natural solar day, as a result of the inescapable laws of nature, is of course still 
the true solar day with its varying length of time. We will also see this in the discussion of the 
structure and operation of our current Western standard system of time reckoning and the annual 
calendar based on it, which we are familiar with. Toomer (1984: 23) notes that Ptolemy in his 
Almagest uses for a day a combination of the Greek words for "day" and "night" to express the 
solar day. 


3.1 The solar day as a basis 

It is an established fact that throughout history all over the world every count of time has always 
started with the day. Counting the days in itself was done in the same way everywhere by adding 
the days one by one as children learn at school. The most practical and basic form of true solar time 
counting. However, it was the manner in which the counting of days was subsequently recorded in 
stone, bone, ivory, wood, metal, skin or paper that has been very different. A frequently occurring 
method, of which several examples have also been preserved over time, is the primitive use of 
dashes and symbols. Most of these relate to counting lunar days. 

A very special way of counting lunar phases and lunar months has been found in Orkney & Shetland 
in Crathes Castle (Scotland) and is dated to about 8000 BCE. This is because use has been made 
of 12 dug holes that, according to Professor Vince Gaffney, symbolize both the 12 phases of the 
moon and the 12 lunar months in a year (BBC News, July 15, 2013). 

Another very old example of the scratching of dashes in a stone was found in 2007 at the top of 
Monte Alto, in the Alban Hills south of Rome in Italy (figure 3.2; see also website Ancient-Origins, 
July 23, 2019 ). The dashes or notches on this elongated stone are positioned to indicate a lunar 
calendar. This stone is also dated to approximately 8000 BCE. 



Figure 3.2 - Dashes in a stone from ± 8000 BCE that 
indicate a lunar calendar. Found in 2007 CE at the top 
of Monte Alto, in the Alban Hills south of Rome in Italy 
(see Ancient-Origins website, July 23, 2019). 
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For every human being, from prehistoric times to the present day, a day consists of a period of light 
and a period of darkness that together are seen as one day (/ nychtemeron ). Since the dawn of 
mankind began and begins for the vast majority of ordinary citizens, farmers and outdoorsmen, the 
day begins still just at sunrise or sunset and ends at the next sunrise or sunset. And I don't know 
how you experience it, and no matter what the interpretation of a handful of ancient priests or 
modern scientists may be, for me the new day just begins as soon as I open my eyes in the morning 
and get out of bed. 

However, for practical, religious, administrative or astronomical reasons, the time when a day starts 
or is counted can be different. For example, in our current UTC / GMT calendar, a day officially 
begins at midnight, and lasts exactly 24 equal hours of 60 minutes and 60 seconds per minute 
each. The day is counted from the first second. In astronomy, however, the Julian day, which has 
nothing to do with the Julian calendar, is counted at exactly 12:00 UTC, i.e. at the beginning of the 
afternoon. However, for peoples using a lunar calendar in ancient times, the count of a day began 
shortly after sunset as soon as the moon became visible. Incidentally, this still happens in the 
Jewish and Islamic calendar. However, I very much doubt whether ordinary citizens experienced 
this in their daily lives. This is such an example of the difference between the scientific approach 
and the practical daily experience of the average person. 

And although not everyone realizes this, it is that until at least the 17th century CE, only solar days 
were counted (Reingold 2001: 175). First in a fairly primitive way with stripes, scratches or stones, 
later with sundials and water-clocks, dividing the period from sunrise to sunset (the 'daylight') into 
12 parts. It is therefore impossible that around 1500 BCE, in ancient Mexico, or around 3100 BCE 
in ancient Egypt, when the first solar calendars arose, people had any awareness of any other day 
than the solar day. Any evidence for a different kind of day is completely lacking. 

The old Mexican solar calendar, for example, was in use unaltered until 1519 CE, so over 3000 
years, until the Spanish invaded the country and plundered everything, oppressed the population, 
and the native solar calendar was banned and obsolete. The same is true of ancient Egypt where 
the solar calendar of 365 solar days has existed unaltered for thousands of years, eventually 
becoming the foundation for our current calendar and international standard time. 


3.2 Solar time measurements only 

Certainly until the invention of the pendulum clock in the 17th century CE, measurements of solar 
time had to be relied on. Until then, there was simply no smoothly running timepiece that could 
accurately and consistently measure the international standard time we now use. The rough and 
uneven division of the day into 12 parts, the so-called seasonal hours, was known to the 
Babylonians and Egyptians as early as 2000 BCE. But the Greeks evenly divided the day into 24 
equal parts, now called the principle of the equinoctial hours. As with the Babylonians, for the 
Greeks a day had a length of 360° (degrees of time). And it was divided quite accurately into 24 
parts of 15 degrees that were later called "hours." 

But of course these were not the "hours" as we now use them, but hours derived from the solar day. 
This division emerged sometime between the 4th and 1st centuries BCE. Of course, measuring 
hours of sunshine took place during the day. For the period mentioned, the solar year based on 
epoch 0.0 is most suitable with a duration that, according to Meeus (1992: 42), corresponds to a 
Western standard time of 365.24231 days. This means that the duration of a solar day according to 
the Western standard time was 365.24231 -r 365 = 1.000663863 days at that time. A solar day thus 
lasted 24 hours and 57.35776 seconds according to our current concepts. And 1/24 of that, so an 
"hour", is then 1.000663863 -f 24 = 0.0416943276 long. Converted to Western standard time this is 
1 hour and 2.3899 seconds. So the fractions the Ancients used in the counts of time were fractions 
of a solar day and not of a Western standard day. 
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The astrolabe was used by the ancient Greeks to measure the movements of the sun in relation to 
a number of fixed stars. The principle of operation is attributed by some to Hipparchus (2nd century 
BCE). It was the Greek astronomer Ptolemy (Toomer 1984: 217-271) who was the first to mention 
and describe this instrument in his "Almagest". This was a fairly simple first version of this 
instrument as can be seen in the accompanying image F (Toomer 1984: 218; see figure 3.3). The 
operation as drawn and described by Ptolemy is further explained in figure 3.4. In the 8th and 9th 
centuries CE, the astrolabe reached the Islamic world and was further developed and perfected 
there by various Arab scientists. It was not until the 11th century CE that the Moors brought this 
knowledge back to Europe via Spain where it was used as an instrument of navigation for centuries 
before being replaced by the sextant in the 16th to 18th centuries. Incidentally, the astrolabe 
described above is not the same as the astrolabe that the Babylonians used about 2000 to 4000 
years earlier and which looked more like a kind of star chart engraved in a clay tablet (Bond & 
Hempsell 2008: 1 Introduction). 



Fig. F 

Figure 3.3 - Image of the astrolabe as drawn by Ptolemy on page 218 
as figure F in his Almagest (Toomer 1984: 218). See figure 3.4 for the 
composition of this astrolabe. 


The English scholar and Dominican priest Roger Bacon (1214-1294 CE; Bridges and Jones 1914: 
15) believed that direct time measurement was far superior to calculating time manually, which was 
common up to his time. But he rejected the astrolabe because it was far too imprecise and he also 
found the water clock far too complicated (Borst 1993: 80). 

An abacus was used to count and calculate with units, such as days (Borst 1993: 58-60). It was 
Gerbert of Aurillac who reintroduced the abacus in Europe in the late 10th century CE. A tool that 
is still used today to teach children the basics of arithmetic, such as addition and subtraction. 

In fact, the abacus is a very old tool for counting all kinds of units. The Sumerians already worked 
with this between 2700-2300 BCE. But also in Egypt, Persia, Greece, China, Roman Empire, India, 
Japan, Russia, Korea, in Central America and South America different forms of the abacus were 
used. 
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M Step 5 

Finally, 2 outer rings are made that fit together exactly (6, dark 
gray). The inner ring 6 fits exactly over ring 5 (blue) and in this 
inner ring 6 two pin holes are drilled exactly in the middle and 
at right angles to each other and provided with long pins (d - 
d). In the meridian ring 4 (green), 2 pin holes are also drilled 
at the angle between the poles of the ecliptic and the equator. 
The whole of the rings 1,2, 3, 4 and 5 is placed in the inner 
ring 6 and then in the outer ring 6 which is provided with a 
base (dark brown). 


◄ Step 1 

Making 2 exactly equal rings that are 
placed at right angles to each other. Ring 
3 (light green / yellow) is the ecliptic 
divided into 360° and ring 4 (dark green) 
is the meridian over the poles (e - e). In 
ring 4 in the center and perpendicular to 
the ring of the ecliptic, pin holes are 
drilled on both sides (e - e) that form the 
poles of the ecliptic. Ring 3 is not drawn 
correctly because it protrudes at the top, 
while it must be flush with the outer edge 
of ring 4, just like at the bottom. 

Step 2 ► 

Then a ring was made (5, blue) that fits 
very precisely over the rings 3 and 4 
and was connected with the pin holes 
and pins e - e. The rings 3 and 4 
together can rotate freely within ring 5 
due to these pins. 


Composition of 
Ptolemy’s astrolabe 


Step 4 ► 

Now a thin ring 1 (light brown) is made, 
the outside of which is exactly the 
same as the inside of ring 2 (red / pink). 
Ring 1 is placed freely in ring 2 and has 
two viewing holes (b - b). Ring 1 can 
rotate freely within ring 2 to observe the 
variation in latitude. 


◄ Step 3 

Making ring 2 (red / pink) which fits 
exactly in ring 4 and in which two pin 
holes are drilled exactly in the middle of 
ring 2, which serve to fix ring 2 with the 
pins e - e in the meridian ring 4 (green) 
through which ring 2 can rotate freely in 
ring 4. Ring 2 has a division in 360°. 


Figure 3.4 - The visualized 5-step explanation as described by Ptolemy in Book V of his Almagest (Toomer 
1984: 217-219). 
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3.3 Changing duration of a solar day 

In the older literature, the number of dates of relatively reliable observations of celestial objects is 
very limited. The dates listed are usually one of the four season points. It is known that in ancient 
times these observations were all made with a sundial, shadow stick (gnomon), zenith shaft or 
equatorial ring. This means by definition that only the local, actual solar time was measured. 

However, the duration of a solar day is not the same every day. That is why they later switched to 
average solar days. Viewed over a year, a certain pattern can be seen in the course of the true solar 
time compared to an average solar day. This deviating true solar time varies between +/- 15 to 16 
minutes. The difference between the true and average duration of a solar day is called the equation 
of time. So it makes a lot of difference which day is measured. The graph below (figure 3.5) shows 
this pattern and the course in duration of the solar days in a year (Volkssterrenwacht Urania, 
Belgium, see https://www.urania.be/astronomie/sterrenkunde/hemelmechanica/tijdrekening ). We 
also encounter these deviations in the duration of a solar day in Chapter 4 when measuring a solar 
year at the seasonal points. 
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+ = sun is ahead of the mean solar time 



Time deviation caused by tilted earth axis 
o Intersection points mean solar time (zero line), season point and course axis 

- Time deviation caused by elliptical orbit around the sun 

o Points of intersection of perihelion and aphelion with zero line mean solar time 

- Equation of time per day as a total of the two deviations in time 

o Season points intersect and equation of expiration time 

• Points and dates with maximum or minimum time equation 

• Intersection points of zero line mean solar time and course equation of time 
- Season points 

Figure 3.5 - Graph of the equation of time adapted to the example (2019) of the Volkssterrenwacht 
Urania in Belgium. 

Meeus (1998: 186) has calculated for the period 2000 BCE to 5000 CE the annual pattern of the 
daily differences in the duration of a solar day and presented it in a number of graphs. It is 
remarkable that this annual pattern remains virtually the same over that period. 
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The cause for these differences in the duration of a true solar day is twofold. The first is the earth's 
orbit around the sun which is not circular but elliptical. As a result, the earth revolves around the sun 
slightly faster during part of the year and slightly slower around the sun during the other part of the 
year. As a result, the apparent movement of the sun in the sky in January is slightly faster than in 
July. The difference in duration has a relatively fixed sine-shaped course (green line figure 3.5). In 
addition, the tilt of the earth's axis with respect to the earth's orbital plane means that the projection 
of the Sun on the celestial equator is sometimes ahead and sometimes behind that of the mean 
duration (black horizontal zero line in figure 3.5). The sum of these two influences constitutes the 
daily difference in duration between the true daily solar time and the mean solar time over a year 
(red line figure 3.5). This is called the equation of time. 

The sum of the two influences is zero around April 16, June 15, September 2 and December 25 (the 
red dots on the zero line). The total equation of time is maximum around February 11 (-14 to -15 
minutes) and around November 3 (+14 to +16 minutes) (black dots on green line in figure 3.5). 

3.4 Result of varying duration of a solar day 

It is striking that in the literature no attention is paid to this equation of time, while it must have 
influenced the measurements of the Ancients. Something they obviously couldn't have known. At 
the summer solstice this influence is not so great, but at the spring equinox in the graph in figure 

3.5 and the tables of, for example, Christiaan Huygens (Bruce 2007:12) and Siegfried Wetzel (2008; 
http://www.swetzel.ch) /sonnenuhren/zgel/zgel.html) is to deduce that this can differ 7 to 8 minutes. 
Huygens, for example, gives a time equation of 7 minutes and 45 seconds for March 21, Wetzel 
gives 7 minutes and 12 seconds for this. 

This varying length of a solar day was unknown in ancient times. They simply did not have the 
instruments and no reference to measure a solar day so accurately. Almost all measurements were 
carried out with sundials or a shadow stick (gnomon) with which the daily deviations in the duration 
of a solar day cannot really be accurately measured. It is certain that they could only measure true 
solar time. We can therefore assume with certainty that the majority of the measurements in ancient 
times were not really reliable. But in ancient times, it is precisely on the basis of the equinoxes, with 
the greatest deviations, that different measurements were made for an mean solar year. The results 
should therefore be treated with some caution. However, in the literature they are used without any 
reservation for calculations, comparisons and conclusions. 


3.5 The division of a solar day 

Besides the solar day of 24 hours and ± 57 seconds calculated in Western standard time and the 
derived Western standard day of exactly 24 hours, there exists no other kind of day. However, the 
Ancients only knew the true solar day. They had no knowledge of our well-known and neatly 
rounded 24-hour days because this requires an evenly running clockwork and they did not have 
that then. Virtually all measurements of time were made using simple instruments based entirely on 
natural solar time. It was only since 1657 CE, thanks to the invention by Christiaan Huygens of the 
pendulum clock, that time could be measured more accurately in hours and minutes. Greenwich 
Mean Time (GMT) was introduced in 1884 and it was not until 1928 CE that universal standard time 
with exactly 24 hours and the time zones was introduced. 

The Sumerians and Babylonians had divided the day into 12 units of time, giving each of these units 
a duration comparable to 2 of our hours. The Egyptians knew from about 2000 BCE a division into 
24 units of time, which was the first step to the hours as we know them today (Neugebauer 1988: 
15). These 24 day parts consisted of 12 parts for the night and 12 parts for the day and were based 
on the ratio between the number of parts of daylight and the number of parts of darkness. The 
duration of one unit of time therefore varied depending on the seasons. In the 2nd and 1 st centuries 
BCE the Jews had divided a day into 18 units of time (Milik 1976: 276, 277; Neugebauer 1981: 11). 
But they were always natural solar days. 


14 


The duration of these 24 parts of the day was regularly adjusted, so that the duration of one part of 
the day varied continuously over the course of a year (figure 3.6). They basically followed the 
seasons so that the 12 hours of daylight in summer lasted longer than the 12 hours of daylight in 
winter. Hence, these 24 parts of a day are called "seasonal hours." In daily life, the Greeks also used 
these kinds of hours for the sundials (Pederson 2011: Chapter 5 under "The Hour of the Day") 


seasonal hours summer 

I 0 

II daylight 

II 

± night 
± 24 


seasonal hours winter 

^ T 0 


daylight 




Figure 3.6 - Principle of the first rough and unequal division of a solar day into 24 parts of 
the day, the so-called season hours, in use by the Egyptians since 2000 BCE. 


For the use of the seasons, the ancient Babylonians, Egyptians, Greeks, and Jews had calculated 
a more or less fixed ratio between the number of parts of daylight and the number of parts of night. 
The current ratios were 2:1 (8h:4h) for the Babylonians, 7:5 (2h:10h) for the Egyptians, 5:3 (3h:9h) 
for the Greeks and 2:1 (12h:6h) for the Jews. Depending on the location, this could sometimes 
differ. The parts of daylight were between dawn and dusk, the parts of night between dusk and 
dawn (Parker 1950:10; Bowen and Goldstein 1991: 234-238). So the distribution of a solar day was 
by no means uniform. 


The Sumerians and Babylonians took an 
important step in measuring units with the 
sexagesimal (60-number) counting system 
they used. They were the first to divide a circle 
in 360° (Thureau-Dangin 1939: 112-114). 

To determine and record the 12 signs of the 
zodiac, these 360° were further divided into 
12 units of 30° (danna) and each danna into 30 
gish (1 gish here is 1°; see figure 3.7). 

In addition to measurements of all kinds of 
celestial objects, they also used the same 
system of arc degrees for, for example, 
measuring distances on earth, for weights, 
but also as a measure of length of time in the 
form of time degrees. 



Figure 3.7 - Babylonian division of a circle of 
360°, 12 danna’s en 360 gishes. 


So the length of the day was expressed in 360 degrees of time. They also divided this 360° into 12 
danna (1 danna/beru is ± 2 of our hours or 120 minutes) and each danna/beru in 30 gish/us (1 
gish/us is then 120 4- 30 = 4 of our minutes or 240 seconds) and it was further divided into 60 ninda 
where 1 ninda was then 240 60 = 4 seconds (Thureau-Dangin 1939: 112-114; Huber and Steele 

2007: 3; figure 3.8). This has been the first step on the long path to our finally nicely completed 24 
hours. 
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Figure 3.8 - Distribution of a solar day by the Sumerians, the structure of which already shows recognizable 
similarities with the distribution of our Western clock day. Elaborated after Thureau-Dangin 1939: 112-114. 


This division of a solar day into seasonal hours was later converted by the Greek astronomers into 
the so-called equinoctial hours, whereby 24 parts of equal duration arose (figure 3.9). This was 
based on the division of a day during an equinox where day and night are equal in hours. Two parts 
were also used for the hours of twilight. The Greek astronomers used these equinoctial hours for 
astronomical purposes only, dividing the 360° by 24, giving the hours a duration of 15° (degrees of 
time). Furthermore, the Greeks continued to apply the seasonal hours for daily use for the sundials, 
for example, and called them "the parts of the year" (Goldstein and Bowen 1989: 275). 
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Figure 3.9 - Principle of the finer and even division of an astronomical solar day into 24 fixed and 
almost equal parts of the day, the so-called equinoctial hours, used by the ancient Greeks. 


In addition to sundials, shadow clocks (gnomon), water clocks (Canhao 2013: 287, 289; Ratzon 
2019), hourglasses (Hannah 2009: Chapter 5) and later even stripes on burning candles, were used 
to read the hours. Instruments that don't really measure the difference of about 57 seconds 
between an mean natural solar day and an mean Western standard day of exactly 24 hours. 

This knowledge of the Greeks was exchanged with and adopted by Arab astronomers and, through 
Latin translations of the Arabic literature, later also ended up in Europe via the Moorish invasion and 
occupation of Spain (Gandz 1952: 15). 
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Incidentally, Ptolemy himself writes about the use of hours that the time in hours as a result of the 
calculations will be expressed in mean solar days, because the time expressed in seasonal hours 
is not always the same, but based on uneven true solar days (Toomer 1984: 281 H473). He thus 
confirms that time was indeed measured in solar days. 

The term "hour" also comes from the Greeks. Around 300 BCE they used the word "horlogy", from 
hora (time), for the study of time. Derived from this, the ancient Greek word "horologium", an 
instrument for counting hours (Karlheinz Schaldach 2017: 63), was our later watch. The name 
"minute" comes from Latin, where the division of the hour in minutes was referred to as "pars 
minuta prima", which means: first small part. The term second, in full “pars minuta seconda”, also 
stems from this system with the meaning of the next or second minor part. 

Over time, the measurement of the duration of solar days and solar years was further improved by 
the Greeks. Ptolemy mentions (Toomer 1984: 61-63) how in his period (150 CE) instruments were 
made for determining the solstices and equinoxes, such as the equatorial ring. He also describes 
the way they were used. In addition, he gives two drawn examples of what these instruments 
looked like (figures 3.10 and 3.11). Obviously, this does not allow an accurate duration or point in 
time to be determined. 



Figure 3.10 - Simple implementation of a 
meridian ring from Ptolemy's Almagest (Toomer 
1984: 61,62). 


Figure 3.11 - Alternative version of a meridian 
measuring instrument from Ptolemy's Almagest 
(Toomer 1984: 62, 63). 


3.6 The equatorial ring 

The so-called equatorial ring used by the Greeks is an astronomical instrument that was used in the 
Hellenistic world to determine the precise moment of the spring and autumn equinox. Equatorial 
rings were placed in front of temples, such as in Alexandria or Rhodes, and were only used 
scientifically for calendar purposes, often in combination with a sundial. A very nice example is the 
equatorial sundial in the port of Parma (figure 3.12). Hipparchus (2nd century BCE), however, used 
a much simpler model of which an example has been reconstructed as shown in figure 3.13. 
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Figure 3.12 - Modern version of an equatorial sundial 
in the port of Parma. 


The easiest way to understand the use of an equatorial ring is to imagine a ring placed vertically in 
the east-west plane on earth's equator. At the time of the equinoxes, the sun will rise exactly in the 
east, move over its highest point, and set exactly in the west. During the day, the bottom half of the 
ring will be in the shadow caused by the top half of the ring (red dotted line in figure 3.13). On other 
days of the year, the sun moves north or south of the ring and illuminates the lower half. The bezel 
and the base of the bezel were equally spaced approximately equal to hours (see figure 3.14). 


sun 


Alexandria on March 22, 144 BCE (Greg.) 


Reconstructed equatorial ring like 
Hipparchus may have used. 



during the vernal equinox, the sun 
illuminates only the top of the ring 



Alexandria on March 21, 144 BCE (Greg.) 
vernal equinox with vernal point at 
intersection ecliptic, celestial equator 
and meridian 


Alexandria on March 20, 144 BCE (Greg.) 


during the vernal equinox, the 
inside of the ring at the bottom 
is shaded 


during the vernal equinox, the two flat 
sides of the ring at the top and bottom 
are also in shadow 


The vernal equinox of March 21, 144 BCE (Gregorian; 
March 24, 144 BCE Julian) in Alexandria is reported by 
Ptolemy in his Almagest (Toomer 1984: HI 96, pp. 133- 
134) and belongs to a series of measurements by 
Hipparchus. 


Figure 3.13 - Reconstructed model of an equatorial ring from the time of Hipparchus (ca. 2nd century BCE) 
and its presumed function. 


The equatorial ring was about one to two cubits (45 cm - 90 cm) in diameter. Since the sun is not a 
point source of light, the width of the shadow on the bottom half of the ring is slightly less than the 
width of the ring. By waiting for the shadow to centre on the inner side of the ring, the time of the 
equinox at about an hour could be read. 
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The main drawback of the equatorial ring was that it had to be very precisely aligned or false 
readings could occur. Ptolemy mentions in the Almagest that one of the equatorial rings used in 
Alexandria was slightly offset, which meant that the instrument showed the equinox twice on the 
same day. False readings are also caused by the sun's atmospheric refraction when it is close to 
the horizon. 
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Figure 3.14 - Scale of the daily hours on the ring and base of an old 
equatorial sundial (photo left). 


It is in the text of the Greek astronomer Geminus of Rhodes in the 1st century BCE, where we 
encounter the first mention of equinoctial hours (Karlheinz Schalbach 2017: 64). This concept was 
adopted in this sense by the ancient Greeks in their time reckoning. But of course still with the solar 
days as a basis. And the ancient Greeks also continued to work for a long time with, admittedly 
improved, sundials and equatorial rings with which by definition only natural solar time could be 
measured at that time. 

3.7 Method of determining the meridian 

The equatorial ring had to be properly aligned with the meridian to measure the correct altitude of 
the sun. Ptolemy describes the most commonly used method of determining the north-south 
meridian circle to measure the sun's altitude. The gnomon (shadow stick or clock) was used for this, 
a vertically placed pole on a flat surface that measured the length of the pole's shadow (figure 3.15). 
As soon as the pole and its shadow are in line with the sun, the highest point of the sun and also 
the middle of the day is reached. This measurement was presented in fractions where the 
denominator was the length of the gnomon and the numerator was the length of the shadow of the 
pole (Eduardo Vila Echague 2018). 


3.8 The transformation from solar day to standard day 

Incidentally, it took a long time before a clock was invented that could eventually measure mean 
hours, minutes and seconds as whole numbers in mean time quite accurately. It was this discovery 
that paved the way for the eventual emergence of our current measurement of time. 
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highest point of the sun 



Figure 3.15 - Method described by Ptolemy to determine the meridian 
using a gnomon (shadow-stick or sundial). 


Within Europe, the first steps were taken in the 6th century CE that led to the eventual 
transformation from natural solar days to rounded standard days. It is during this period that the 
first indications appear in the literature pointing to the first use of "hours" on the way to a smoothly 
acting mechanical measuring instrument of time. 

The Italian Abbot Benedict of Nursia wrote in 540 CE the "Rules of the Order" and a table of hours 
(Borst 1993: 26, 27). His main goal was to get the monks to pray and work at the right times and so 
he made a work schedule in hours. He chose three key moments for this, with the changing of the 
guard in the army as an example. This happened at the 3rd hour of the morning (tertia hora), the 6th 
hour of the afternoon (sexta hora) and the 9th hour of noon (nona hora). In addition, he chose the 
four ecclesiastical hours consisting of sunrise (prima hora), sunset ( vespera ), the dawn heaven 
(matutina) and finally the beginning of complete darkness after sunset ( completorium ). Every day of 
the week the monks had to recite their psalms at these 7 moments. He did the same for the hours 
of watching, eating, working, and resting, and divided them over the day, taking into account the 
seasons of the solar year. He also made sure that every monk was able to read the sundial (during 
the day) and the water clock (at night and during the day when the sun was not shining). 

Gregory of Tours (Georgius Florentius, 538-594 CE) was a Gallo-Roman historian and bishop of 
Tours (Borst 1993: 30-32). His most notable work was the "Ten Books of History" (Decern Libri 
Historiarum), better known as the "Historia Francorum" (History of the Franks). It was Gregory who 
took advantage of a combination of seasonal hours during the day and equinoctial hours at night. 
The variable seasonal hours were the 12 hours of daytime according to the sundial. The duration of 
these "hours" was of course dependent on the time of the year. In the summer the hours were on 
average longer than in the winter. The equinoctial hours, which divided the day and night together 
into 24 equal parts, were based on the division of the "hours" during the 2 days of the equinox when 
all 24 parts of the day are equal. But during the night there is no sun and so the day parts are not 
visible. And the monks turned out to be unable to read the water clock properly. Gregory therefore 
took up the starry sky and studied the heliacal rise and fall of known star clusters. He converted 
these nocturnal hours into seasonal hours and calculated how many psalms went into each of the 
hours. By counting the psalms, the monks knew what "hour" of the night it was. 
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Another mention on the way to the modern clock comes from the Anglo-Saxon monk Bede de 
Venerabilis (the Venerable One) who lived between about 672-735 CE in the northeast of ancient 
England. In his day he was an authority in all kinds of sciences including astronomy. Bede mentions 
in his 'De temporum ratione 1 that the hour was divided into 4 puncti (4x15 minutes), or 10 minuta 
(10x6 minutes), or 15 parts (15x4 minutes), or 40 momenta (40 x 1.5 minutes) (Dohrn-van Rossum 
1996: 41,42). Sundials and hourglasses were used almost exclusively to measure these units of 
time. According to Bede, 1 punctum (15 minutes) was the smallest unit that could be measured with 
a sundial. 

It was in the period between the 8th and 14th centuries CE, when Spain was under Moorish rule, 
that Arab astronomy made its appearance in Europe with the system of hours and minutes (Dohrn- 
van Rossum 1996: 42). Spain acted as a cultural conduit for European scholars of Arabic literature 
and knowledge. 

The first form of a mechanical clock was invented between the 14th and 16th centuries CE (Nelson 
et al. 2001: 510). From the 14th century CE, church bells came into use as so-called "public bells". 
These were primarily intended for the clergy to be able to pray with the required regularity and at 
the right time. These were rather coarse mechanical timepieces driven by large cogwheels and 
weights with a division of 16 in the beginning, as in the tower clock of St. Sebald, Nuremberg in 
Germany (Borst 1993: 93, 94), and later 24 hours, then about 24 equal parts of a solar day. A 
uniform hour did not yet exist at that time. There were clocks in which a bell was rung using the 
clock mechanism (Dohrn-van Rossum 1996: 106, 107, 129-133). Two of the oldest surviving 
timepieces from this era are in the cathedral at Salisbury in England (image 3.16) which dates back 
to 1386 CE and in Forchtenberg in Germany (image 3.17) with the year 1463 being mentioned. 



Figure 3.16 - Clock in Salisbury cathedral from 1386 (England). 


Figure 3.17 - Tower clock from 1463 in 
Forchtenberg (Germany). 


The German Peter Henlein designed the first mechanical timepiece to be powered by a spring 
mechanism around 1511 CE. He is therefore seen as the father of the invention of the later 
mechanical clocks. 
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The pendulum clock was invented in the year 1656 by Christiaan Huygens and this was the first 
relatively accurate and smoothly running mechanical clock that indicated the correct time to the 
minute and second. From that moment on, the process began on the way to the hours and minutes 
rounded to whole numbers, and in time also the seconds and the first artificial indication of time as 
we know it today. A day from then on could be measured as a whole number without fractions. 
Modern time measurement had made its appearance. But still based on the true solar day because 
there was no definition of our current completed Western day at that time. 

In the course of the 18th century, French and English clockmakers succeeded in making precision 
clocks that not only indicated the seconds but also kept the time accurate to the second (Borst 
1993: 113). These were called "timekeepers" or "chronometers". This ushered in a new era of 
accurate chronology, called "Zeitrechnung" by the Germans. 

The German pastor, astronomer, and inventor Philipp Matthaus Hahn invented an accurate sundial, 
the heliochronometer, in about 1763 CE (see figure 3.18). This was a relatively precise sundial with 
which the solar time could be read accurately to the nearest minute. But seconds could not be 
measured with this. In the course of the 20th century, this instrument eventually fell into disuse 
when the time signal from an observatory was spread across the country via the telegraph. The 
railways in particular have played a significant role in the process towards a nationally uniform 
operating time system so that arrival and departure times of trains are more closely aligned. Radio 
stations around the world have also made an important contribution to standardizing time. Until the 
60s of the last century, they emitted the beeps familiar to the elderly among us on the hour, after 
which the listeners could set their clocks accordingly. 



Figure 3.18 - Example of a 19th century Pilkington-Gibbs 
heliochronometer. 


3.9 The breakthrough to mean time 

The sundials used until then gradually disappeared from everyday life. But the church towers with 
their bells continued to indicate the time for a long time and were regularly corrected on the basis 
of measurements with sundials. This continued until the early 20th century, after which the radio 
stations around the world took over this task with their beeps for the whole hours. 

The real breakthrough on the road to modern time measurement, however, was the introduction in 
the 19th century of the so-called mean time, also known as the equation of time. Both Ptolemy (150 
CE) and Christiaan Huygens (1673 CE) had previously mentioned this phenomenon. 

At mean time, the daily very variable solar time is converted on an astronomical and mathematical 
basis into an average, neatly rounded, duration of a day that is set at exactly 24 hours of 60 minutes 
each and of which every minute counts 60 seconds. 
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We have now reached the point where the vibration of the caesium atom is used to synchronize our 
clocks. The frequency of the vibrations of this atom is so constant and independent of the 
environment that the deviation of an atomic clock is only about 1 second per 5 billion years. The 
second is defined on the basis of this element. 

The first caesium-based atomic clock was developed in 1955 by the British physicist Louis Essen 
of the National Physical Laboratory in Teddington (near London) and marked the end of the use of 
astronomical time as an international time scale. 

3.10 International standard unit of time 

In 1956, the second was defined as 1/31,556,925.9747 fraction of the tropical year based on epoch 
January 1,1900 CE at 12 hours ephemeris time. This definition was incorporated in 1960 as part of 
the International System of Units (SI). In 1967, at the 13th General Conference on Weights and 
Measures (CGPM, 1967/68, Resolution 1; CR, 103 and Metrologia, 1968, 4, 43), this definition was 
replaced by a new definition of the second that stipulates that the duration of one second from now 
on is 9,192,631,770 periods of radiation that corresponds to the transition between the two 
hyperfine levels of the ground state of the caesium 133 atom at a temperature of 0° K. This is the 
historic step to make the transition after many thousands of years of solar time to the caesium 133 
atom as a new and extremely precise and constant measurement of time. Nevertheless, the solar 
year with its 365 solar days remains the true measure of time because of man's desire to keep pace 
with the natural seasons. 

In the following Chapter 4, therefore, the natural solar year is first discussed because, despite all 
the technical gadgets of the measurement of time, this has always remained the true measure of 
time and as such was and is also used for other systems of chronology. This includes the lunisolar 
calendars discussed in Chapter 5. The only exception to this is the Islamic lunar calendar. 


3.11 Definition of a true solar day 

Christiaan Huygens already mentioned in the 17th century that the duration of a solar day is the 
period between two consecutive highest positions of the sun (Aarts 2015: 30). He added that not 
all solar days are equal and provides a table of "equations" (equations of time) showing the 
differences in durations. The average solar day over a year of 365 solar days then lasts 24 hours. 



Also according to the current standard, the 
mean natural solar day is measured as the 
duration between two consecutive 360° 
passes of the sun on a certain meridian 
(longitude) such as the prime meridian or 
midday line (Neugebauer 1929:138; Nelson et 
al. 2001: 510; Gonzalez 2014: 1). And this is 
by definition also the highest position of the 
sun. This is visualized in figure 3.19. 


Figure 3.19 - Daily apparent 360° rotation of the 
sun from the highest point on a meridian to the 
same highest point on the same meridian the day 
after. 
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3.12 The two faces of the day 

It is clear from the foregoing that the day in history could have two different faces. The oldest is the 
natural face and the modern is the artificial face. Viewed over time, the difference in duration 
between the two is apparently very small, only about 57 seconds or 0.0006635315 days (figure 
3.20). But when this small difference occurs 365 times in a year, it increases to 365 x 0.0006635315 
= 0.242189 days, which is 5 hours, 48 minutes and 45.13 seconds. In other words, this is the 
difference between the duration of a solar year and a Western calendar year when both are 
calculated according to the Western system of time reckoning. And this difference in the length of 
an average natural solar day and an artificial Western standard day is irrefutably proven in the 
Gregorian or Western calendar and time reckoning. 

It also mattered very much at what time in the year the Ancients determined the duration of a day 
and started using it as the mean duration of a day for a year. It is therefore also possible to arrive at 
a solar year duration of 365.25 days by this route. 
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Figure 3.20 - The gradual change over time of the concepts "day" and "hour". 

It is clear that a day of the Ancients was by no means the same length of time as a day according 
to our present Western time reckoning. And although both the Ancients and we call(ed) this a day, 
we are speaking of two identical units but of different durations. A difference that is overlooked by 
many and which we will see later in the discussion of the workings of the Western era in Chapter 9. 
After all, it is the 365 x ± 57 seconds difference per day that led to the well-known 5 hours, 48 
minutes and 45 seconds (epoch 2000.0 CE) about which more in Chapter 4. 

Failure to recognize the difference in the length of a day in the distant past and the present day led 
to the assumption that both would be of equal duration. But nothing could be further from the truth, 
which led to all kinds of misconceptions, as will appear. 
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4 The solar year 

The sun is literally and figuratively the pivot on which everything revolves in life. In studying the solar 
year, as used, for example, by the ancient Mexicans and Egyptians as the basis for their system of 
time reckoning, we should of course not mirror our current knowledge to the knowledge as it was 
thousands of years ago before the beginning of our time reckoning. We must try to move to the time 
and circumstances in which the Ancients experienced the sun. For them, the sun was often very 
dominant during the day. On the one hand as a beneficent source of light and warmth that allowed 
the plants to grow and grains and fruit could be harvested, and on the other hand as a destructive 
force that could destroy entire crops due to the scorching heat in a shortage of rain. It is logic itself 
that when the first writing and counting system developed, experiences could be recorded and 
sunrises or sunsets counted. The irresistible urge to learn more about this powerful and dominant 
celestial phenomenon arose naturally. 

It is therefore very obvious that, after the first agricultural settlements had established themselves 
permanently, people became increasingly interested in their natural habitat and the accompanying 
forces of nature, usually personified in the guise of all kinds of deities. From their own daily 
experience they knew the presence of the seasons dictated by the sun better than anyone else, 
after all the Ancients had grown up in and with nature. Moreover, they knew only too well from their 
own experience when to sow, weed, and harvest their crops according to the seasons. These 
ancient farmers really did not need calendars to get their daily work done on time, although some 
authors argue otherwise. Moreover, ordinary citizens could not even read or write, this was reserved 
for the elite and priests. So even if a farmer was ever shown a calendar, he wouldn't even know what 
it was supposed to represent. The reverse makes much more sense. Thanks to their practical 
experience, the farmers knew the rhythm of the seasons, which eventually became the basis for a 
seasonal calendar. 


4.1 The solstices 

It cannot be otherwise than that from the very beginning of mankind the Ancients knew the 
connection between the seasons of a year and the position of the sun in the sky. And perhaps 
without words, they must soon have understood that the sun travels along the horizon in an annual 
rhythm from one point to another and back again. The two real turning points of the sun, what we 
now call the solstices, were also literal turning points in their existence to the Ancients. They 
symbolized the difference between new life and sufficient food on the one hand and the lack of 
food, many hardships and possible death on the other. It is therefore not surprising that many gods 
and goddesses arose as representatives of these two extremes and were highly revered and 
especially feared. 

It were also these two turning points or solstices that have been the source of time reckoning and 
calendars. Because without these two turning points, there is no starting point and no end point for 
a count. And you really need these to be able to determine the duration of a period in order to be 
able to make a time reckoning or calendar. It is therefore that these two points played a very 
important role in societies in all cultures of the world. 

We now know that this apparent back-and-forth travel of the sun along the horizon is an optical 
illusion caused by the elliptical orbit of the earth around the sun. But of course the Ancients did not 
know that a long time ago. They assumed that the sun would arc from sunrise to sunset during the 
day and then travel through an often dangerous underworld at night to be reborn the next day at 
sunrise.The ancient Mexicans believed that the sun descended into the underworld at sunset, 
where it was swallowed up to be reborn again at sunrise as the sun god K'inich Ahau (Maya) or 
Tonatiuh (Aztec). 
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In ancient Egypt, it was the sky goddess Nut, mother of stars and sun, who absorbed the sun at 
sunset, then traveled through her body to be reborn again from Nut at sunrise as the sun god Ra 
(figure 4.1). Until the end of the existence of both cultures, this simple experience and interpretation 
played an extremely important role. 



Figure 4.1 - Ceiling painting in corridor D of the tomb (KV9) of the Egyptian pharaoh Ramses VI from the 
12th century BCE, depicting the day in Egypt with above the starry sky and below the daily path of the 
sun with the 12 hour nighttime journey (represented by 12 red dots) through the body of the sky goddess 
Nut (source image unknown). 


How and when the sun's turning points were discovered we will never know, but this knowledge 
has been around for a long time. The Ancients were able to identify and mark the day with the most 
daylight (summer solstice) and the day with the least daylight (winter solstice) as the two extreme 
points along the horizon to where the sun rises or sets (figure 4.2). 


two turning points in Elephantine (Egypt) in 1000 BCE (Greg.) 
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Figure 4.2 - The two solstices as turning points in light and space on Elephantine Island, a 
cult site in ancient Egypt in 1000 BCE (Greg. - SkySafari 6 Pro measurement). 
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This discovery has taken place in many places in the world and independently of each other. The 
apparent back-and-forth course of the sunrises or sunsets was then recorded by, for example, 
aligning a fixed observation point to surrounding scenic or artificial landmarks. This is the most 
obvious way to capture the sun's two turning points. Due to the dazzling light during the day, the 
turning of the sun is only observable to a limited extent at the sunrises or sunsets along the horizon 
without all kinds of instruments. In this way, the horizon calendars were eventually also created. 

The solstices also mark two periods of opposite weather conditions at the same time. Depending 
on where and to whom it is asked, this can be the cold and warm period or the dry and wet period. 
Sometimes it is a combination. 

Although the moment of the turning of the sun as a point on the horizon can still be observed 
spatially to a certain extent, determining the exact day of the solstice is, however, less simple. 
Because the earth is in the shorter bend of the ellipse during a solstice (figure 4.10), it seems to us 
on earth as if the Sun "hangs" in the same place for several days. This is optical illusion because 
the earth continues to rotate and the sun does climb a little further upwards to the maximum point 
that can be reached. For the summer solstice in 431 BCE in Alexandria, one year before the 
measurement of the summer solstice by Meton, this is worked out with the astronomical program 
SkySafari 6 Pro (figure 4.3). 

It is clear that as the sun gets closer to its highest point, the differences in the duration of sunshine 
per day become smaller and smaller. In particular, between June 23 and July 4, there is a difference 
of only 1 arc minute to 4 arc seconds. And to think that a difference of less than 30 arc seconds per 
day is about 2 seconds on the modern clock. In the example in figure 4.3, the difference between 
June 28 and June 29 is only 3.1 seconds of arc. 


Solstice measurements Alexandria (latitude 31° 12 '56.3 "N and longitude 
029° 57' 19.0" E) over the period June 14 - July 11,431 BCE (Julian). 



'c-t-T-T-T-T-CMCMCNICNJCMCSJCMCMCMCMCOOOOOOOOOO 

Figure 4.3 - Measurements of the highest point of the sun per day on the zero meridian 
during the period around the solstice of June 28, 431 BCE (Julian) in Alexandria (Egypt). 
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This difference is almost impossible to observe with the old traditional aids such as a sundial or 
shadow stick (gnomon) from the period (5th century BCE) of, for example, the Greek astronomer 
Meton (Bowen and Goldstein 1988: 40, 65; Evans, James and J. Lennart) Berggren 2006: 165, 
IV29). This is confirmed by Ptolemy (Toomer 1984: 137). It is also difficult to perceive changes at 
sunrise or sunset due to varying atmospheric refraction conditions. These problems make it 
impossible to accurately determine the day of the solstice from observations within the 3 (or even 
5) days around the solstice without the use of accurate tools. Thus, for the ancients, it was not so 
easy to determine the actual day of the solstice. The 5 days before and after in particular cannot or 
hardly be distinguished from each other with a simple instrument. 

In the example in figure 4.3, the sun reached its highest point on June 28, 431 BCE (Julian), after 
which the reversal in the duration of daylight will occur and the sun will gradually go down again. 
Therefore, it is believed that the ancient Greek astronomers used an approximation method based 
on interpolation that is still used by some amateur astronomers. This method consists of 
determining the angle of ascension in the afternoon before and after the solstice for several days in 
an attempt to find two separate days of the same ascent. When those two days are found, the time 
halfway through both afternoons is the estimated solstice. For solstice determination, an interval of 
45 days has been suggested as the best way to achieve a quarter-day precision. But of course this 
is not a really reliable method. 


4.2 The equinoxes 

It is very different with two other points of the sun that we call the equinoxes. These have been 
considered season points for a very long time. Many people mistakenly assume that these are also 
natural and recognizable points. But the opposite is true because they are moments invisible to the 
eye in the annual path of the sun. They are actually man-made moments in time based on 
mathematical principles and calculations. The only effect caused by natural laws is that during the 
equinox the day and night are relatively equal in duration. However, this should not be taken too 
literally because there is also such a thing as the twilight zone between daylight and night. Where 
this belongs is nowhere mentioned. 

Unlike the two solstices, the days of the two equinoxes pass by as unrecognizable to the human 
eye as almost any other day. They are in no way noticeable in the pattern of the average solar days. 
This is also clearly visible in the two graphs (figure 4.4) that I have compiled for the course of the 
days before and after the spring equinox. 

The first graph (figure 4.4A) shows sunrises in degrees of arc along the horizon (azimuth) on the 
days before and after the equinox. Clearly, this pattern is very regular without a noticeable day. Only 
on March 21,431 BCE (Gregorian) does the sun rise almost in the east (90° -5 "). The statement that 
the sun rises in the east and sets in the west is for only two days in the year, and that is for the days 
of the spring and autumn equinox. But then you have to know where exactly the east is and that 
requires a magnetic compass, something the Ancients really did not know. The first mention of this 
comes from the Chinese collection of texts called "Hanfeizi Youdu" from the 1st century BCE, which 
describes a discovery from the 4th century BCE stating that lodestone attracts iron, which indicates 
the magnetic action of magnetized iron ore. The four cardinal directions as we know them from the 
magnetic compass were not created by man until after the 12th century CE as aids to their 
orientation. Incidentally, the Ancients did know directions, but they had a different concept and a 
different name for them. However, those were not points but areas. 

The second example (figure 4.4B) shows the maximum height of the sun in the sky (altitude). Again, 
the days around the date of the equinox follow each other in an almost equal pattern and the sun 
rises about the same distance in the sky every day until it reaches its highest point in the summer 
solstice. 
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Measurements Athens (latitude 37°58'46 " N and 
longitude 023°42'58.4 " E) over the period March 
15-27, 431 BCE (Gregorian). 
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Figure 4.4 - Azimuth (A) and altitude (B) measurements of the sun in Athens (latitude 37°58'46 " N; longitude 
023°42'58.4 " E) over the period March 15-27, 431 BCE (Gregorian; measurements SkySafari 6 Pro). 
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The same March 21,431 BCE (Gregorian) does not stand out in this series either. This underlines 
once again that the equinoxes are not recognizable natural moments in an annual cycle, but a 
human invention to better organize "time" and to adjust it to the seasons on earth. 

It is more than likely that the seasonal point of the equinoxes originated in those areas of the world 
where, as a result of climatic conditions, agricultural activity followed a pattern of four quarters of 
the year. After all, the two equinoxes are roughly in the middle between the solstices. These four 
quarters took shape in calendars and different calendar systems and eventually became the 
seasons we know. 

There are authors who argue that an equinox is easy to determine. The reality for the Ancients was 
somewhat different, however, for they lacked accurate measuring instruments such as timepieces, 
equatorial sundials, or compasses. In the time of the first emergence of a time reckoning and 
calendar, the Ancients had to do it with simple shadow-sticks or sundials. The condition was that 
either a need had arisen to know the midpoint between the solstices or, during long-term 
measurements with shadow-sticks, it was discovered that the shadow line between the 2 solstices 
had an arc shape with a highest point at which light and dark on that day were equal. For the 
Ancients, of course, did not know that the earth orbits the sun and had never heard of east and 
west. It is more than likely, therefore, that the Ancients discovered the equinoxes by chance and 
probably at first only arithmetically as the mid-point between the solstices. 

Not all ancient civilizations also used the phenomenon of the equinoxes in their calendars or time 
accounts. For example, in ancient Mesopotamia, there were generally only two seasons, the dry 
season and the wet season. And these were determined by the two solstices. This does not mean 
that they did not know the day when the hours of light and dark are almost equal to each other, what 
we call the equinox. Some people used these as a starting point in their lunisolar calendar. 

However, in Egypt and Assyria there were three seasons and therefore the equinox did not play a 
role in the calendars and time reckoning there either. The Babylonians determined the seasons 
using the signs of the zodiac (White 2007: 43-55). A number of star clusters that emerged during 
the spring period were Aries (ram), Taurus (bull) and Gemini (twins). The spring equinox marked the 
beginning of the new year and ushered in spring with new life and abundance everywhere. The 
autumn equinox started with Virgo (virgin) followed by Libra (Libra) and Scorpius (scorpion). 

As can be deduced from the entries in the MUL.APIN (Hunger and Steele 2019: 198), the 
Babylonians also took shadow measurements over longer periods using a shadow-stick and 
recorded this in their clay tablets. In these measurements, they had discovered that there were two 
days in the solar year that had an equal duration of daylight and night (Olmstead 1938: 125; 
Belmonte et al. 2015: Chapter 4). They called this “the day is in balance”. 

In this way they also knew the solstices as the days with the most and least daylight which they 
appropriately called "the sun stood still". It is almost certain that this Babylonian knowledge also 
reached a number of Greek scientists who used it as a basis for further elaboration. 

But it is just as possible that there was a moment somewhere when someone noticed that on one 
day with a sloping flat stone the sides, top and bottom remained in the shade that day and only the 
flat front was lit by the sun. A typical phenomenon that only occurs during the day of the equinox 
when the flat surface of an object happens to be perpendicular to the sun. This, too, would have 
been such a fluke and at that time perhaps a reason to investigate this further. On the other hand, 
it is also possible that a civilisation with a strong agricultural culture has consciously searched for 
a related structure in, for example, the annual calendar. 

It were the Greeks who could more accurately determine the equinoxes with the help of an 
equatorial sundial. The principle of this, according to Samuel (1977: 23), was developed along with 
other instruments as early as the 6th century BCE, but Greek astronomers did not start working with 
it until the course of the 5th century BCE. Both Samuel and Dicks (1966: 32) emphasize that the 
equinoxes could only be determined arithmetically and that such calculation requires considerable 
knowledge of astronomical theory. 
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Knowledge that was not yet available to the Greeks in the 6th century BCE and only became 
available to them in the course of the 5th century (Dicks 1966: 33). 

The equinoxes and solstices have become the regular turning points in the apparent path of the sun 
in the sky. In a natural solar year, the day of the spring equinox in the Northern Hemisphere is always 
around March 21, and that of the autumn equinox is always around September 21. From March 21, 
the period of daylight will be longer, and from September 21, the period of daylight will become 
shorter. In the southern hemisphere, this is exactly the opposite, with the spring equinox occurring 
around September 21 and the autumn equinox around March 21. 

They are the only two days in the solar year when the sun rises exactly in the east and sets in the 
west, and day and night are of approximately equal length. Incidentally, there is no evidence that 
the Ancients had somehow linked the days of the equinoxes with directions such as east and west, 
for they did not know these kinds of pointed cardinal directions at all. The directions for the Ancients 
were often wider areas rather than a fixed point, such as where the sun god is reborn every day or 
the area where the sun god enters the underworld and is devoured every day. 

Various examples of the ancient recording of solstices and equinoxes have been found in 
petroglyphs (shadow pointers), inscriptions and hieroglyphs. 

But also as fixed markers in the landscape (horizon calendars) or as alignments of temples, 
observation points and other structures at one or more of the turning points. For example, sundials, 
shadow-sticks and zenith shafts were used as instruments to determine these turning points. And 
this discovery happened thousands of years ago in different places on our globe without people 
knowing about each other. Fortunately, many examples of this have been preserved as described 
in the richly illustrated book "Celestial Geometry" by Ken Taylor (2012). 


4.3 Examples of alignment at turning points 

A world famous example is of course Stonehenge in Wiltshire, England. This impressive stone age 
monument is rightly a Unesco World Heritage Site. The first phase of construction started around 
8700 BCE with the creation of a number of large stones. Only later, around 3200 BCE, the 
construction of the monument itself started. And this monument is aligned on both the winter and 
summer solstices which can still be admired. 



Neolithic ‘passage tomb’ Newgrange, Ireland 


Examples of winter solstice alignments are abundant in Europe. A 
beautiful example is the hill, called a ‘passage tomb’ or ancient 
temple, at Newgrange, in the Boyne Valley, County Meath, Ireland. 
Excavations have shown that this hill dates back to the Stone Age 
before 3200 BCE, so more than 5200 years old. This too is now part 
of the Unesco World Heritage. It has been discovered that a fantastic 
spectacle takes place every year around December 21. Beginning on 
December 19, peaking around December 21, sunlight falls through a 
rectangular opening above the canopy of the main entrance and then 
envelops the rear room in a golden light through a 19-meter corridor 
aligned with the winter solstice for about 17 minutes. This has since 
grown into an annual spectacle that only a few invitees can enjoy. 
More information can be found on the Newgrange website: https:// 
www.newgrange.com (see also Ken Taylor 2012: 126, 127). 


^ Entrance‘passage tomb’ 


31 













A wonderful example of a horizon calendar is that of Chanquillo in Peru (figure 4.5), also known as 
the 13 Towers (Ghezzi and Ruggles, 2007). This is, in fact, a solar calendar from the 4th century 
BCE, where the solstices and equinoxes can still be seen at nearly the same places in this horizon 
calendar from the corresponding observation point (Unesco, 2013; Taylor 2012: 98, 99). 



Figure 4.5 - Horizon calendar of Chanquillo in Peru. 

(Juancupi - Own work, CC BY-SA4.0, https://commons.wikimedia.org/w/index.php?curid=51818027) 


Angkor Wat in Cambodia is one of the largest building complexes in the world. It is an enormous 
temple and palace complex, aligned on the east-west axis and is characterized by 5 towers placed 
in the shape of a quincunx (die of five) (figure 4.6). During the spring equinox, the sun is directly 
above the tallest, central tower. In the roof of this tallest tower is a hole that bundles the sun's rays 
that go straight down through a hole in the floor and are projected through a shaft of 30 meters into 
a space deep underground. Tradition has it that this space, as a spiritual link, was intended for the 
tomb of the king who, after his death, would be led from his tomb via this beam of light from the 
sun to his heavenly realm. 

For example, the spring equinox was used in Egypt as a benchmark in the construction and 
alignment of the pyramid of Giza and the Great Sphinx above it. Standing in front of the Sphinx and 
looking straight at the pyramid of Khafre, the sun sets exactly at the bottom left of the pyramid and 
above the left shoulder of the Sphinx during the spring equinox. Shortly before disappearing below 
the horizon, the last rays of the sun cast a long shadow from the pyramid straight over the Sphinx. 
That was the case in 2300 BCE and it still is today. 

All practical and very tangible proof that the relationship between sun and earth was particularly 
solid with an ancient pattern. The world is therefore full of preserved examples of this alignment to 
the season points. And they really haven't shifted over time. 


4.4 Season points and their pattern 

Both the solstices and the equinoxes mark the starting points of the seasons and are therefore 
called season points. It is these points that have been used well into our modern history to measure 
first the duration of a solar year and later the Western standard year. 
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Figure 4.6 - Angkor Wat temple and palace complex in Cambodia. 

Photo Dennis Jarvis (https://commons.wikimedia.Org/wiki/File:Cambodia_2638B_-_Angkor_Wat.jpg). 


In the natural cycle of the seasons, the seasonal points have a relatively fixed pattern dictated by 
the slightly elliptical orbit of the earth around the sun in combination with the oblique axis of the 
earth (figure 4.7). As mentioned earlier, the number of seasons determined by humans in a year is 
not a fixed given. In ancient Egypt, for example, people had 3 seasons and Indonesia only had two 
seasons, the rainy season and the dry season because of the tropical rainforest climate. 



Figure 4.7 - Simplified principle of the cycle of the counterclockwise rotation of the 
earth around the sun with the four turning points or seasonal points in this orbit. 
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4.5 The seasonal year 

What has been talked about so far is the mean solar year. Only since the last century has this been 
calculated quite accurately based on the passage of a meridian. Meridians, expressed in longitudes 
that run across the two poles, have been known since the 3rd century BCE. 

It was the Greek astronomer and geographer Eratosthenes (276-194 BCE) who was the first to 
calculate the longitude and latitude. It is these meridians on which, since 1959, the daily 360° 
rotation of the earth and the earth's 360° orbit around the sun are calculated and periodically 
recorded in an epoch. 

Until 1959, only the solstices and equinoxes were used, the four turning points of the sun. Although 
it was common to measure the duration of a year mainly from spring equinox to spring equinox, one 
of the other three turning points was occasionally used for this. The four turning points actually act 
as the messengers of yet another season. 

For example, these seasonal points were used by the Ancients to determine the beginning of the 
new year. The peoples who had a lunisolar calendar, like the ancient Greeks, used the solar year as 
the measure of time because their year began with the first appearance after sunset of the narrow 
crescent moon after the spring equinox. And a year from spring equinox to spring equinox is a 
seasonal year. The same goes for the other turning points. 

And as we shall see below, it does make a difference whether the length of a solar year was 
measured by the Ancients on the spring equinox or on the summer solstice. Moreover, it is not 
always clear at what time of day the equinoxes or solstices were measured. At the solstices, it 
should be taken into account that, seen from earth, the sun appears to remain at the same point in 
the sky for a number of days. The question can therefore be rightly asked which day exactly was 
measured by the Ancients as the solstice. 


4.6 Interdistances of season points 

An interesting fact is that Van der Waerden (1984:116) provides an overview of the mutual distances 
in days between the 4 season points. He distinguishes 3 periods: 430 BCE for Meton and 
Euctemon, 370 BCE for Plato and Eudoxos and 330 BCE for Aristotle and Kallippos. 

From the summer solstice, Euctemon gave the distances between them 91, 92, 91 and 91 days. 
Eudoxos arrived at 90, 90, 92 and 93 days and Kallippos recorded 92, 89, 90 and 94 days for this, 
which, according to Van der Waerden, fits in well with modern calculations. 

But apart from the mentioned differences in mutual distances, it is immediately noticeable that in all 
three periods and by all Greek astronomers mentioned, the total of the days is always exactly 365, 
which of course can only be solar days. Another confirmation that at that time people only knew the 
natural solar year with 365 solar days. 

Van der Waerden (1984: 118) also shows that the course of the sun through the 12 signs of the 
zodiac, attributed to Kallippos in the so-called Eudoxos Papyrus (Hibeh Papyrus i 27), was also 
based on a solar year of 365 days. Kallippos specifies the number of days for the intervening 
periods: Cancer 31, Leo 31, Virgo 30, Libra 30, Scorpio 30, Sagittarius 29, Capricorn 30, Aquarius 
30, Pisces 30, Aries 31, Taurus 31 and Gemini 32. Added together 365 solar days again. So 
Kallippos also assumes a solar year of 365 solar days in this calculation of the duration of the 12 
constellations attributed to him. 

4.7 Differences between season points 

As mentioned above, measuring at the four seasonal points of the sun results in mutual differences 
in the duration of the solar years (Meeus 1992: 42). In the past a solar year was measured from one 
seasonal point to the same seasonal point a year later. The differences between the solar years 
measured at the seasonal points can be seen in the column under 1999-2000. 
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With the overview of Meeus presented below, however, it can also be made clear what the 
differences are of the separately measured seasonal points of the seasonal years compared to the 
duration of an average solar year measured over 360°. 


Seasonal year 

Between two spring equinoxes 
Between two summer solstices 
Between two autumn equinoxes 
Between two winter solstices 


1999-2000 
365,242374 days 
365,241626 days 
365,242018 days 
365,242740 days 


difference with 
mean solar year 


0,000185 day more (15,98 sec.) 
0,000563 day less (48,64 sec.) 
0,000171 day less (14,77 sec.) 
0,000551 day less (47,61 sec.) 


+ 


1460,968758 days 


-r 4 


Average solar year over 360° 


365,242189 days based on epoch 2000.0 CE 


It is clear that measurements of the seasonal years on the solstices give a deviation of slightly less 
than a minute, while measurements of the seasonal years on the equinoxes give a much smaller 
deviation and thus approach the actual mean duration a little more. 

Otto Neugebauer (1983-9: 171) states that the solar year, which is the same as the tropical year, is 
a period that is actually determined by the course of the sun and whose length is not exactly the 
same. He further mentions that our Gregorian calendar, using leap day rules, in historical time is 
never really far from the tropical year. And a Gregorian date always correctly recognizes the season 
because the date of the spring equinox is not essentially removed from March 21. 

Belenkiy & Vila Echague (2016: 11) recalculated the length of the solar year as measured by 
Hipparchus (160 BCE) and Newton (1700 CE) on the summer solstice and arrived at: 

Hipparchus (epoch 160.0 BCE): 365d: 5h: 49m: 8s (365.2424537 days) 

Newton (epoch 1700.0 CE): 365d: 5h: 48m: 48s (365.2422222 days) 

Wislicenus (1895: 22) gives for epoch 1800.0 CE a duration, given in Western standard time, of an 
average solar year of 365d: 5h: 48m: 46.43 s. (365.242204 days). 

All impressive numbers but really not measurable with this accuracy with a shadow-stick in 1000 or 
500 BCE. 


4.8 The duration of a solar year 

As mentioned earlier, discovering both solstices was the first necessary step towards measuring 
the duration of a solar year. Because without knowledge of these two turning points on the horizon, 
it is impossible to determine this duration. The Ancients could not escape marking these two 
extreme points of the sun in a recognizable way, either with the help of fixed landscape features, for 
example a mountain, or with artificial observation points. It doesn't take much imagination to think 
that once the first forms of counting were discovered, one could start counting the days between 
these extreme points. 

Of course these were also solar days because nothing else existed. It will soon be found that the 
sun was constantly traveling back and forth between these two points and that they differed greatly 
in the duration of daylight and the weather conditions. 

After the two extremes were discovered and marked as the start and end points of the sunrises, 
counting the number of sunrises or sunsets between the two turning points could determine how 
many times the sun rose or set between the two. 
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Since the sun apparently "stands still" on the two turning points for a number of days, it would no 
doubt have taken several years for the Ancients to determine the exact turning point and then 
determine the number of sunrises or sunsets between the two turning points. They must eventually 
have discovered that the sun rises 183 times between the sun's turning point at its highest point 
(the summer solstice) and the sun's turning point at its lowest point (the winter solstice). But at the 
same time, they must also have discovered that the number of sunrises or sunsets in the opposite 
direction (winter solstice-summer solstice) occurs 182 times (figure 4.1), so one day less. The total 
is then 183 + 182 = 365 solar days. 

The above-mentioned difference of a solar day between the outward and return path is due to the 
slightly elliptical orbit of the earth around the sun and because the earth is not exactly in the centre 
of this ellipse, so slightly asymmetrical. As a result, the apparent path of the sun from the summer 
solstice to the winter solstice is slightly longer (183 solar days) than from the winter solstice back 
to the summer solstice (182 days; figure 4.2). During the solstices, the earth actually reaches the 
very point of a large ellipse. Because we see both the orbit of the earth and the sun in the flat plane 
on earth (figure 4.7), it seems as if the sun remains at the same point for a number of solar days 
during the solstices while the sun is actually moving towards us or away from us. 

It is known that the old peoples who worked with a solar calendar usually used one of the four 
seasonal points of the sun mentioned as a reference point to follow the annual cycle of 365 solar 
days so that one knew when the next annual cycle and thus the new year began. This was done, 
for example, with the aid of a fixed marker or from an observatory built for it. The chosen seasonal 
point was not the same for all peoples using a solar calendar. The summer solstice, winter solstice, 
and spring equinox have many historical examples of their use as a reference point. 

It were also these seasonal points, the equinoxes and solstices, which became central to the culture 
of the Ancients, such as the beginning of a new year or an important agricultural event. They have 
proven to be rock-solid and highly reliable moments in the solar year in time and are inextricably 
linked to the earth's elliptical orbit around the sun. They in themselves have no direct connection 
with the starry sky. It was man who made a connection between the sun, the seasonal points and 
the starry sky. 

It is also man who sometimes gives a curious explanation about natural processes. For example, 
Leo Depuydt (1995: 44) writes that the 365 days year would be an invention of the Egyptians. This 
is of course not an invention but the discovery of something that has existed in nature for millions, 
if not billions, of years. And not only the Egyptians but also the Olmecs in ancient Central America 
and the Chinese in ancient China discovered this in about the same period. 


4.9 Current definition of the solar year 

The total number of times that the sun rises or sets in a year before it returns to its starting point 
after 360° and thus has completed a total cycle, is 365. And this 365 means 365 solar days in which 
the sun makes its apparent cycle along the heaven completed. The 365 days together form the 
solar year (figure 4.8). This means that 1° equals 365 + 360 = 1.01388888 day or in Western 
standard time 24 hours, 19 minutes and 59.99 seconds (rounded off 1 day and 20 minutes). 

The definition of Danjon (1959: 115), accepted since 1959, says that the tropical year is the time it 
takes for the sun to return to the same meridian after 365 days from a certain meridian after a 360° 
orbit (Meeus 1992: 40, 42; Gonzalez 2014: 1; Nelson et al. 2001: 510), so in fact the vernal point 
(see 6.6). Until 1959, however, the tropical year was almost always understood to mean the time it 
took the sun to move from a spring equinox to the next spring equinox the following year. With, as 
described under 4.7, a slightly longer duration compared to an average solar year. Although from 
the daily visual experience we are constantly talking about the path or the orbit of the sun, in reality 
this is of course the orbit of the earth around the sun. 
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Figure 4.8 - Apparent annual orbit of the sun in 360° from the highest meridian point 
to the same highest meridian point after 365 solar days. 


The annual cycle of 365 solar days was the basis for their system of time reckoning for the ancient 
peoples with a solar calendar. In the days of the Ancients, when the first calendars came into 
existence, the length of a solar year could be measured only from seasonal point to seasonal point, 
at the beginning only at the two solstices and later at the two equinoxes. Compasses and meridians 
did not exist at that time. In the perception of the Ancients, the sun was reborn 365 times before 
the new year arrived. 

In the aforementioned examples of alignments at one of the four turning points or seasonal points 
of the sun, thousands of which are scattered around the earth, the design and construction of these 
imposing structures took many years of hard labor. The creators of this were really not so stupid as 
to realize and align such large and expensive structures at a turning point of the sun if they had not 
been certain that this alignment would be the same after the construction and even long 
afterwards? 

In time reckoning and in comparisons between solar years and the present Western standard years, 
the epoch (period, era) has been used as a reference for some time and is determined periodically. 

For the beginning of our era this epoch was 0.0 CE (AD) with an average solar year duration of 
365.24231 days (365d: 5h: 49m: 44.5s), for the epoch 1900.0 CE this was 365.242315 (365d : 5h: 
48m: 56 s) and for epoch 2000.0 the mean duration has been determined to be 365.24219 days 
(365d: 5h: 48m: 45s) (see Meeus 1992: 42). 
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4.10 Different names for the same thing 

In the literature, the natural solar year is frequently referred to under different names, as if different 
kinds of solar years exist or had existed. Common are the tropical solar year, the mean solar year, 
the true solar year, the vague or wandering year, and the agricultural year. However, there is only 
one natural solar year of 365 solar days. 

The tropical year 

Originally, the name tropical year was used to indicate a particular method of measurement. The 
tropical solar year used to mean the duration from spring equinox to spring equinox, but this 
interpretation has been abandoned since the mid-20th century and replaced by the vernal point. 
Kepler mentioned as early as 1627 CE that a tropical year should not be measured by the 
equinoxes. 

As explained above, this method of measurement only measures a specific moment of a seasonal 
point from the total, but irregular, cycle of the solar year. And this moment in circulation is not 
representative of the duration of the full cycle. With the method of Danjon (Meeus 1992: 40), 
however, a full rotation of 360° is measured, which gives a much more accurate value. This is called 
an mean solar year. So the name tropical year has actually become an unnecessary name for which 
the natural solar year can simply be used. 



Figure 4.9 - Analemma of the sun in a full 365 solar day orbit of the earth around the sun 360° in Luxor, Egypt, 
shown at time intervals of 30 solar days (daylight is turned off). 

When this apparent 360° annual orbit of the sun on a meridian is visualized with time intervals of 30 
days using an astronomical program such as SkySafari 6 Pro, the apparently looped course of the 
sun (analemma) in a solar year becomes visible. From the highest point of the sun for both the start 
and end points during the summer solstice on June 21,2000 BCE in Luxor, Egypt, to the same high 
point on June 21, 1999 BCE. Figure 4.9 shows a full solar year. 

The mean solar year 

An mean solar year describes the duration of a complete 360° orbit of the sun measured on a 
certain meridian. 
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This complete orbit of the sun is the average of the 4 measurements of the seasonal points over 
one or more years together (see also 4.5), nowadays expressed in an epoch with a period or year. 
Every 30 years, a new average solar year is established in an epoch. The most recently determined 
is epoch 2000.0 which is an average over the 30 years before. And as we have seen above, the 
seasonal year is also measured in a rotation of 360° from a certain season point to the same season 
point the following year. 

The true solar year 

In addition, the "true" solar year is also used when it comes to the actual, measured duration of a 
particular solar year. However, this implies the suggestion that there is also a false solar year. There 
is and will of course only be one true natural solar year that can, however, be measured in different 
ways. And it were the ones who took these measurements, who sometimes gave it a made-up 
name. In itself useful, of course, when it is made clear what exactly has been measured. 

But unfortunately, this is usually missing and such made-up names are taken over by others as a 
kind of truth and then take on a life of their own. Remarkably, no author in the literature proves by 
verifiable facts that there would have been a different year among the Ancients than the only true 
natural solar year of 365 solar days. 

The vague or wandering year 

Sometimes you come across terms like "the vague year" or "the wandering year" which, for 
incomprehensible reasons, mean a natural solar year of 365 solar days. The users of this fanciful 
designation usually then incorrectly state that the true solar year has a duration of 365.242189 days. 
But this is then measured according to the modern Gregorian or Western time reckoning. 

These authors are clearly unaware that they are not talking about two different kinds of solar years 
here, but about the same solar year in two different systems of time reckoning. On the one hand the 
time account of the natural solar year itself with 365 solar days and on the other hand the time 
account of our mean Western year in which a solar year according to the Western standard time in 
epoch 2000.0 has a duration of 365.242189 standard days of 24 hours. Sometimes it is also 
mentioned that it would be a "wandering" year. So a variation on the proposition I started with in 
Chapter 2. Probably the result of ignorance but pure fantasy. 

The agricultural year 

It is also regularly referred to as the "agricultural year" without any valid arguments. This, too, is a 
fiction and more of an attempt to describe and name something which is in fact a derivative of the 
solar year in relation to certain agricultural highs or associated festivities within that year. In view of 
the era in which this "agricultural year" is placed, in practice it always appears to be the seasonal 
points of the natural solar year with inseparable local meteorological weather conditions such as 
spring, summer, autumn and winter. But there is no evidence for the existence of a practically useful 
agricultural year. What should a farmer who cannot read or write do with a calendar? 

The sidereal solar year 

In addition to the simple counting of solar days, the length of the solar year in the period of the 
ancient Assyrians, Babylonians, and Greeks was also measured by the return of the sun after one 
year relative to a fixed star. In fact, this is what we now call the sidereal year or sidereal solar year 
(Kugler 1910: 5). But because the Ancients did not know the sidereal year, this was for them the 
length of the solar year. It is with certainty that the duration of a solar year mentioned in the old 
literature was measured with the help of this method, with the 360-day counting as a very probable 
instrument, which is explained in more detail in Chapter 5. This is also called the zodiacal solar year. 

In the translation and discussion by Otto Neugebauer (1962: 265) of some of the work of the Islamic 
astronomer Thabit ben Qurra from the 9th century CE, it is stated that the length of the solar year 
by measuring the orbit of the sun from a point in the zodiac to the same point in the zodiac was 
"365 days and a little less than a quarter of a day". But in fact here the sidereal year was measured 
as the solar year and entered historiography as such. Also in the Alfonisine Tables (Chabas and 
Goldstein 2003: 140) the solar year appears to have been calculated in a comparable way, but in 
relation to the aphelion (apogee). 
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The anomalistic solar year 

An anomalistic year is a full 360° elliptical orbit of the Earth around the sun from perihelion to 
perihelion. This perihelion (perigee) is the point on this orbit where the Earth is closest to the sun. 
The ancient literature shows that this orbit over the perihelion was measured and reported as the 
duration of the solar year. The duration of this, according to Seidelman (2006: table 15.3 p. 698), is 
365.25964 days of Western standard time. In duration this is almost equal to the sidereal year which 
has an annual orbital period of 365.25636 days of Western standard time over 360°. The anomalistic 
solar year thus has approximately the same duration as the sidereal year (Neugebauer 1962: 264, 
266). 

Counting solar time 

It will be clear to all that in the time of the ancient Egyptians, Babylonians, and Greeks, only natural 
solar time could be measured. Nothing else existed. In addition, the few instruments available were 
not exactly examples of accuracy. In addition, it was not until the 2nd century BCE that people 
gradually realized that in addition to a solar year, another unit of time could be distinguished, namely 
the sidereal year. It is therefore impossible that by direct observations and measurements of the 
sun, a 360° orbit duration of 365.25 days would have been obtained. So a different method must 
have been applied. In the next two chapters it will become clear how the Ancients acquired this 
duration. 


4.11 The one and only solar year 

Anyone who is seriously concerned with time, calendars or chronology knows that there has always 
been only one solar year and has existed since time immemorial, counting 365 solar days in an orbit 
of 360°. As a result of the slow decline of the earth's rotational speed, in the very distant past there 
were more solar days in a year and will decrease in a very distant future (Meeus 1992: 42). As a 
result of incorrect interpretations and reporting half-truths, a distorted picture of the natural solar 
year has emerged over time. I will go into this in more detail in Chapters 8 and 9. 
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5 The lunar calendar 


Although the lunar calendar itself has no influence on the statements about the solar year and the 
equinox mentioned in Chapter 2, the synchronization between the lunar calendar and the solar year 
is of great importance because this seems to be the source of the misunderstandings. This 
concerns, in particular, the alignment of the lunar calendar to the solar year using the 19-year cycle, 
incorrectly attributed to the Greek astronomer Meton. It is this cycle, later transmitted to us by the 
Greek astronomers Geminos and Ptolemy and through Arabic translations, where almost certainly 
lies the origin of the misinterpretation of the duration of the solar year. 

The old peoples of the world who had developed a calendar usually started with a lunar calendar 
(Depuydt 1997: 23). In itself not surprising given the ever prominent moon with its short orbit and 
different characteristic shapes or phases. When measuring time, the moon occupies a position 
between the day and the year. And as with solar year and solar calendar, also with lunar months and 
lunar calendar, if one would limit oneself to just this system for counting time, no problems arise. A 
good example of this is the pure Islamic lunar calendar with holidays and memorial days entirely 
based on this. It is thanks to the explicit prohibition in the Qur'an of the insertion of leap days (Sura 
9-At-Tawbah-37 The Repentance Verse-37) that this lunar calendar has been able to persist in its 
purest form because there is no connection whatsoever with a solar year. 


5.1 Development of the lunar calendar 

Another example of a still-used lunar calendar is the Jewish calendar. It was taken from the 
Babylonians around the 6th century BCE. However, this is not a pure lunar calendar, but a lunisolar 
calendar because regular leap months had to and must be inserted to keep in step with the seasons 
of the solar year. They made and make use of the so-called 19-year cycle used by the Babylonians 
and later also the Greeks. This was eventually called the 19-year cycle of Meton, although Meton 
only came up with its own variant of this already existing cycle. 

The lunar calendar is made up of 12 lunar months of 29 and 30 days and usually has 354 days. But 
natural lunar months are also not regular because, converted in Western standard time, they can 
have a duration of 29.26574 (June 3,1602) to 29.93 days (November 27, 1868; NASA 2009: 44) with 
an average of 29.53059 western standard days (NASA 2009: 35). It must be well understood that 
thousands of years ago the development of the first lunar calendars always involved solar days and 
that, in principle, real solar time had to be calculated. The difference in time between the number of 
solar days and Western standard days within a lunar month is not that great. But this can add up 
considerably in a cycle of 19 years. It should also not be forgotten that a solar day in ancient times 
had a slightly different duration than our present standard day because there were no smoothly 
running timepieces at that time. 

To date, no convincing evidence has been found anywhere to show which count of days arose first, 
that of the sun, of the moon, or simultaneously. It is clear that after the first counts of lunar days and 
the discovery of recording these counts, in the form of what we now call calendars, had acquired a 
fixed pattern, the desire to adjust this to the duration of the solar year also arose. The main aim was 
to keep in step with the seasons and to have the first day of the calendar year (New Year's Day) 
coincide with a certain point of the solar year. Obviously, it goes without saying that the duration in 
days of a solar year had to be known for this. 

I am convinced that in addition to counting lunar days, the Ancients also counted solar days at the 
same time. Because a child understands that only when you know the duration in days of the orbit 
of both celestial bodies, you can start looking for similarities or differences. 
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For most past and present users of lunar calendars, the count of the day began and begins at the 
setting of the sun. The first day of a lunar month was and is often, but not always, the first narrow 
crescent moon (1 % - 3%) after new moon (white box figure 5.1), which is seen as the birth of a new 
lunar month. In addition to the ancient Babylonian, Egyptian, and Greek lunar calendars, the ancient 
Chinese, Japanese, Jewish, and Islamic lunar months also began with the first narrow crescent 
moon after new moon. Incidentally, the Jewish and Islamic lunar calendars still work that way. 

Most peoples with a lunisolar calendar encountered problems with the alignment of their lunar 
calendar to the solar year. Because both the lunar months and the solar days are influenced by all 
kinds of variables and are therefore irregular in duration. To improve this, several cycles have been 
developed and tested, the two best known being the 19-year cycle of Meton and the 76-year cycle 
of Kallippos. Both will be discussed below because they are, in my opinion, at the root of the 
misconceptions regarding the length of the solar year. 
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Figure 5.1 - A lunar month of over 29 standard days with moon phases 
and percentages of visibility displayed according to the Deluxe Moon 
Pro software program. The first day of the new month is in the 
rectangular white frame. 


5.2 The 19-year cycle of Meton 

The so-called 19-year cycle of Meton of Athens has been handed down to us by the Greek 
astronomers Geminos and Ptolemy through Arabic translators. Of these two Greeks, it was the 
astronomer Geminos of Rhodes (Evans and Berggren 2006: 183-185) who reported a fairly 
complete structure and operation of the cycle. Ptolemy, however, mentions only the two main 
elements of Meton in his Almagest in his comparison with the work of other astronomers such as 
Kallippos and Hipparchus (Toomer 1984: 139). Ptolemy's work did not reach Europe until the 
Middle Ages through various Arabic translations, including the Italian translator Gerard van 
Cremona (Bridges and Jones 1914: 70). The question is therefore whether this is still the original 
form. 

Ptolemy does not have a good reputation with a number of contemporary scientists (Newton 1977; 
Swerdlow 1980: 292; Bowen & Goldstein 1991: 234; Britton 1992: Chapter 2; Gingerich 2002; 
Thurston 2002: 63; Toomer 1996: 84). Incidentally, the ancient Chinese also knew this 19-year cycle 
(Cullen 2017: 16). However, it is not known when and by whom this cycle was discovered in China. 
The Jewish lunar calendar, adopted from the Babylonians, still works with this 19-year cycle. 
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Ancient Greek astronomers were constantly looking for ways to align their lunar calendars with the 
seasons of the solar year as closely as possible. This is because many Greek festivals were directly 
related to these seasons. For Meton as an astronomer this was undoubtedly the case and he, like 
many others, was also looking for the best possible alignment of the lunar calendar with the solar 
year. In particular, maintaining the starting point of the calendar and the festivities and activities 
tailored to the seasons were an important reason in this quest. It is the logic itself that in order to 
be able to make such a calculation, the duration of a solar year must of course be known because 
otherwise it is impossible to determine at what moment a number of lunar months equals a certain 
number of solar years. 

Meton of Athens more than likely also knew of the schematic 19-year cycle of the Babylonians who 
had used this cycle since at least 633 BCE (Parker and Dubberstein 2007: 6; Bowen and Goldstein 
1988: 42). The three main elements of the 19-year cycle as applied by Meton have been handed 
down to us by Geminos and Ptolemy. But this does not apply to the ideas, reasoning and method 
of Meton that led him to his comparison, because history do not mention these unfortunately. But 
Meton, too, could only work with solar years and solar days because simply nothing else existed in 
his time. 

Until well after the time of Ptolemy (2nd century CE), days were used exclusively as solar days of 
24 equinoctial hours (see under 3.5). This means that a solar day was divided into 24 equal parts 
and sometimes further subdivided (Bowen and Goldstein 1991: pp. 233-254) or they were reported 
as 24 units of 15 degrees each (one day was 360 degrees of time). For example, in Ptolemy's 
Almagest, the times of all 94 observations mentioned by him are expressed in equinoctial hours 
with fractions of such an hour as 1/4, 5/6,1/5,1/3 , etc. (Toomer 1984: 7; Pederson 2011: Appendix 
A). The 19-year cycle has been in use throughout the Seleucid period (Greco-Egyptian period 312 
BCE - 63 CE) (Neugebauer 1948: 209; Parker and Dubberstein 2007: 6). 


5.3 Basic principle 19-year cycle 

Several ancient peoples discovered at some point in time and often independently of each other 
that the moon and the sun also cycle together. A particular moon phase at a particular seasonal 
point of a solar year, such as a full moon, returns to almost the same season point after 19 solar 
years or 235 lunar months (Brecher 1981: 52; Jones 2017: 78). This principle also appears to be 
found in the famous Antikythera mechanism (Alexander Jones 2017: 78, 213). 

A very old (± 1230 BCE) find of a lunisolar cycle of 19 years is the one used as a calendar by the 
ancient people of the Hittites and is sculpted in the walls of a limestone mountain in Yazililaya near 
Hattusa in present-day Turkey (Singer 2019: 5-38). The 12 lunar months, the maximum 30 days per 
month and the 19 solar years are depicted here in the form of deities carved in the rocks. 

Calendars, including the lunar calendar with the 19-year cycle, must always meet a number of 
conditions (Goldstein & Bowen 1989: 277). First of all, a calendar must have a starting point (epoch) 
from which to count years, months and days. There must also be a day with which a year or a month 
always starts, as well as a fixed moment when a day starts. Furthermore, there should be a 
schedule for inserting units of time (leap days or leap months) where necessary that should be 
distributed uniformly across the calendar as much as possible (Jones 2000:142). There should also 
be a procedure for observation decisions to determine the number of months per year and the 
calendar cycle. 

Knowing that 235 orbits of the moon are almost equal in duration to 19 solar years is one thing, but 
how these 235 lunar months were to be divided over the 19 years was another story. Moreover, in 
principle, calculations were made with whole days without fractions. 
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Because it was known from experience that a lunar month lasts about 29.5 solar days and was 
calculated with whole numbers, two lunar months were always added together (2 x 29.5 = 59) which 
was then used as a fixed duo of 29 and 30 days, together 59 days. The 29 days in the case of hollow 
months and the 30 days in the case of full months. In a solar year fit 6 of these duo’s of 59 days 
which together as 12 lunar months are also called "lunar year". A lunar year usually has a total of 
354 solar days (figure 5.2). 
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Figure 5.2 - Standard "lunar year" of 12 lunar months with 354 solar 
days divided into 6 pairs of 59 solar days. 


In theory, every lunar month had as a fixed starting point the first very narrow crescent moon that 
was visible the 1 st or 2nd day after new moon (Steele 2018:100; Samuel 1972: 57; Waerden 1984a: 
107; Ossendrijver 2015:1867; see also figure 5.1). This was and still is a very important target value 
for the starting point of a lunar month in a lunar calendar. For the Babylonians, the year began with 
the day of Nisan (Nisanu) 1 on or shortly after the spring equinox. In Athens, the year began on 
Hekatombaion 1 and fell on the day of the Pleiades' heliacal rise and the summer solstice (Bowen 
& Goldstein 1989: 45). 

The 12 months of the lunar calendar each had a fixed name and order that could not be changed 
without disturbing the entire calendar. The Babylonians also kept track of the course of the lunar 
months by taking measurements every lunar month at 6 fixed points in time (Fluber and Steele 
2007: 3). These 6 moments were called the "Lunar Six" by Sachs (1948: 281). This was used to 
calculate the differences between the rising and setting of the sun and moon, as well as the near- 
new and full moon (Huber 2017: 27). Obviously, based on these measurements, they determined 
the duration of the moon and the start of a new moon and corrected it if necessary. The insertion of 
extra months or days was also only allowed according to a number of established rules 
(Ossendrijver 2015: 1867). In addition to the lunar calendar of the Babylonians and Jews, the same 
applied to the lunar calendar of the Greeks (see figure 5.3). 

It should be clear that a month or a number of days could not be randomly inserted anywhere. For 
the 7 leap months to be inserted, a theoretical, more or less fixed, pattern was therefore devised 
whereby in the 19-year cycle each inserted lunar month usually had a duration of 30 days (Englund 
1988:125). The condition was that these 7 leap months had to be distributed uniformly over the 235 
lunar months and 19 solar years. It should not be forgotten that at that time these lunar days were 
in fact solar days. 


5.4 Theory and reality 

The regular alternating use of the lunar months of 29 and 30 days in the 19- and 76-year cycles, 
especially in Babylon, should primarily be seen as a theoretically applied method. For, because of 
the irregularity of the duration of the lunar months, and because the first narrow crescent moon will 
by no means always have been visible due to weather conditions, the Ancients must in reality have 
been constantly busy attuning to reality. 

The theory indeed did not always correspond to reality. This has been shown by a study in 1982 by 
Peter Huber (2017: 19-68) who, for Babylon, all the first narrow crescents of the first days of the 
lunar months, between the years -2456 (2457 BCE) and +212 (211 CE), recalculated. His first 
conclusion was that in this period under investigation there were no 28-day lunar months and 31- 
day lunar months only sporadically with about 1 in every 100 years. So statistically negligible. 
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The period 2457 BCE to 211 CE has 2668 years of 365 days. Within this period, Huber recalculated 
33,000 first narrow crescents. Of these, 15,491 (46.9%) belonged to the 29-day months and 17,509 
(53.1 %) to the 30-day months. So there are 2,018 lunar months of 30 days more than lunar months 
of 29 days (figure 5.3). 


Recalculation of the lunar months for the period 2457 BCE - 211 CE in Babylonia 


33.000 lunar months = 100% 

15.491 lunar months of 29 days (46,9%) 

17.509 lunar months of 30 days (53,1%) 


17.509x30 = 525.270 days 

15.491 x 29 = 449.239 days 
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Figure 5.3 - The main elements of Huber's recalculation (2017: 24-26) of the lunar months in the period 2457 
BCE - 211 CE in Babylonia. 
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We know that in the 19- and 76-years cycles 7 and 28 leap months were inserted, respectively. For 
the 19-year cycle, we know from historical sources that the leap months were usually of 30 days 
(Englund 1988: 125). And if we provisionally assume that this was also the case for the 76-year 
cycle, then this concerns 28 leap months of 30 days. Theoretically, a leap month is inserted every 
235 -r 7 = 33.57 months in the 19-year cycle of 235 lunar months. In the 76-year cycle this is 940 
28 which is also every 33.57 months. This implies, again theoretically, that there must be 33,000 -f 
33.75 = 985 lunar months of 30 days in this 76-year cycle. 

So of the 2018 lunar months of 30 days more, theoretically 985 should be subtracted for the leap 
months of 30 days. This means that in the study period for 2018 - 985 = 1,033 lunar months of 30 
days remain that do not fit into the usual pattern of the duo’s of 59 (29 + 30). However, the question 
is whether this actually happened. 

Huber (2017: 26) also found that there were 410 series with 3 consecutive months of 29 days and 
100 series of 5 consecutive months of 30 days (figure 5.3). This shows that there must have been 
very regular shifts of the 29 and 30 months in the lunar calendars in order to remain in the natural 
rhythm of both the lunar months and the solar years. 

This further underscores the findings of Sachs (1948: 281) regarding the "Lunar Six" which served 
to make adjustments where necessary using both observations and predictive calculations to keep 
in step with the solar year. The solar year itself, the seasons and seasonal points were determined 
by observations of the 12 constellations in the zodiac (White 2014: 43-55; Verderame 2017: 126, 
137; Steele 2017: 74). 


5.5 The Interpretation of Geminos and Ptolemy 

Ptolemy (Toomer 1984: 12) mentions only 19 solar years, 235 synodic lunar months, and 6940 days 
that this cycle should have. Geminos (Evans and Berggren 2006: 184) additionally states that the 
235 synodic lunar months would consist of 110 "hollow" synodic lunar months of 29 days and 125 
"full" synodic lunar months of 30 days. 
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So in total (110 x 29) + (125 x 30) = 3190 + 3750 = 6940 Mondays and also solar days. Geminos 
also mentions that in the 19 years 7 ("embolistic") months were included. It is important to note that 
it is not stated how many days these leap months should consist of. The above values are shown 
schematically in figure 5.4. 


19 solar years 

235 lunar months of which 7 are leap months 
= 110 'hollow' lunar months of 29 days + 125 'full' lunar months of 30 days 
_ = 6940 solar days _ 


Figure 5.4 - The main elements of Meton's 19-year cycle as described by Geminos and 
Ptolemy. 


The 19 solar years had a total of 19 x 365 = 6935 solar days at that time. However, according to 
Geminos, a solar year based on Meton's data had a duration of 365 5/19 (= 365 1/4 + 1/76 = 
365.2632) days (Heath 1913: 293; Evans and Berggren 2006: 86,176,183) and therefore arrives at 
19 x 365.2632 = 6940.0008 which is rounded off 6940 solar days. So 5 days more. Geminos further 
mentions that according to him the duration of a solar year should be 365 1/4, which then comes 
to 365.25 x 19 = 6939.75 days. This is rounded off also 6,940 days. 

The duration of the solar year of 365 5/19 (365.2632) days stated by Geminos is not, in my opinion, 
derived from Meton itself but calculated by Geminos by dividing the 6940 days by the 19 years. And 
that is 6940 = 19 = 365.26315 days, so exactly the 365 5/19 days mentioned by Geminos. 

By the way, Geminos does not mention the name of Meton itself, but that of Euktemon, Meton's 
contemporary and colleague. At the same time, the name Kallippos is mentioned, who developed 
a century after Meton its 76-year cycle, which was almost entirely based on 4 x the 19-year cycle 
of Meton, but is said to be slightly more accurate. More on this later. 

Bizarrely, however, the duration of a solar year of 365 1/4 (365.25) days mentioned by Geminos and 
Ptolemy is very similar to the duration of a solar year according to our current Western time 
reckoning with an average of 365.2422 days per year. But this is only possible with days of exactly 
24 hours for which you need an evenly running clockwork in a total orbit of 400 years, based on a 
solar year of 365 days of 24 hours. And ancient Greek astronomers such as Meton, Kallippos and 
Geminos really did not have this knowledge. It is therefore impossible that the length of a solar year 
mentioned by Geminos and Ptolemy could have been found by observations of the sun itself. The 
only obvious possibility is that the duration of the solar year was determined purely arithmetically 
or using the zodiac, thus the sidereal or zodiacal solar year, the way the Assyrians and Babylonians 
did. 

It is also remarkable that Geminos and Ptolemy only mention 1 observation by Meton of the 
summer solstice on July 24 in 432 BCE (Julian). It cannot be otherwise than that Meton must have 
made at least 2 or more observations to arrive at the duration of a solar year. Apart from how difficult 
it is to determine exactly the correct day of a solstice, the above observations show that the 
duration is determined by comparisons with equinoxes (see diagram figure 5.8). We know that there 
are differences in duration with the other season points (see 4.7). This also indicates that the 
duration of the solar year mentioned by Geminos and Ptolemy and attributed to Meton is calculated 
arithmetically. 

When only the 19 solar years and 235 lunar months described by Geminos and Ptolemy are 
converted into our current Western standard time, the equation will look as shown in figure 5.5. But 
then converted to the current Western standard time, which in the time of Geminos and Ptolemy 
was far from existed. 
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19 standard years of 365,24666 (epoche 747 BCE*) = 6939,68654 standard days 
= 235 lunar months of 29,530594 (epoche 747 BCE*) = 6939,68959 standard days 


Figure 5.5 - The main elements of the 19-year cycle of Meton converted to Western standard 
time based on the epoch 747 BCE * used by Ptolemy (according to Pederson 2011: Appendix 
B). An almost perfect combination. 


Figure 5.5 clearly shows that the total number of days of the 19 solar years and those of the 235 
lunar months are very similar according to the calculation in Western standard time. A near-perfect 
ratio proving that the 19 and 235 are the correct values. The 235 lunar months have a slightly longer 
duration (0.00305 = 4 minutes and 23.52 seconds) than the 19 solar years. I think this is also the 
only knowledge that Meton has left behind: the ratio 19 solar years and 235 lunar months. This is 
in contrast to the combination of values with the 6940 days mentioned by Geminos and Ptolemy, 
which were obtained by chance and with an improper calculation. 

However, the 6940 days of Geminos are not the same as those from the calculation in figure 5.5, 
but the result of a ‘solar year’ with a duration of 365 5/19 days that Geminos incorrectly assumed 
(Evans and Berggren 2006: 86,176,183). In Chapter VIII under VIII 5 he mentions that for him a solar 
year consists of a complete orbit of the sun through the 12 signs with which he meant the zodiac. 
What he is actually mentioning here is the length of the solar year measured by the stars (a so-called 
sidereal or zodiacal solar year, Kugler 1910: 5), which was common among the Greek astronomers 
and for which they used a first form of an astrolabe which they took from the 360-day count of the 
Babylonians (see 5.10). But in this way he did arrive at 19 x 365.25 = 6939.75 rounded off 6940 
days. 

Subsequently, an arithmetic distribution of the 235 lunar months over these 6,940 days was sought 
without taking into account the conditions that a lunar calendar should meet at that time. We will 
never know whether Meton came up with this and taken over by Geminos, or whether Geminos 
made this up himself. The fact is that Geminos mentions that this distribution is made up of 110 
"hollow" months and 125 "full" months. 

Geminos further reports that this distribution was based on 235 lunar months of 30 days each with 
a total of 235 x 30 = 7050 days (figure 5.6 A). This is a difference of 7050 - 6940 = 110 days 
compared to the 19 solar years (figure 5.6 B). This difference of 110 days meant, according to 
Geminos, that of the 235 lunar months of 30 days, one day had to be subtracted from 110 (figure 
5.6 C). These became the "hollow" months of 29 days. 

To subtract these 110 days evenly over the 19 years and 235 lunar months, according to the 
Geminos description, every 63rd day (6940 h- 110 = 63.09) would have to be removed to get 6940 
days. But this must be the day immediately following the 63 day period (Heath 1913: 294) because 
only then can the 110 months of 29 days arise. So every 64th day had to be removed (figure 5.7). 

The table in figure 5.7 shows the result of this relatively even removal of every 64th day for a total 
of 110 days. So 110 x (30 - 1) = 110x29 days = 3190 days. Then 235 - 110 = 125 months of 30 = 
125 x 30 = 3750 days remain. At the end, Geminos ends up at the (3190 + 3750 =) 6940 days he 
mentioned (figure 5.6 D). 


A 

235 lunar months of 30 days = 235 x 30 = 7050 days 

B 

19 solar years of 365 1/4 days= 19 x 365 1/4 = 6940 days 

7050 -6940 = 110 

C 

110 x (30-1 =) 29 days = 3190 days + 125 x 30 days = 3750 days 


D 

3190 + 3750 = 6940 days 


Figure 5.6 - The calculation of the distribution of the lunar months of 29 and 30 days over the 235 lunar 
months as described by Geminos. 
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Figure 5.7 - Table of 235 lunar months of 30 days each in which 110 x each time the 64th day is removed in 
a relatively even way, resulting in 110 months of 29 days and the total number of days on the 125 x 30 + 110 
x 29 days mentioned by Geminos 3750 + 3190 = 6940 comes out. 


But this calculation described by Geminos is of course a purely arithmetic approximation. Because 
when the result from figure 5.6 is worked out in the form of a lunar calendar of 19 solar years (table 
figure 5.8), this does not meet the usual basic conditions of a lunar calendar in a cycle of 19 years. 

What is immediately noticeable in the table in figure 5.8 is the pattern of the double months of 30 
days (yellow boxes figure 5.8). You would expect this to happen 7x at most in the 7 leap months, 
but in the table in figure 5.8 it happens 16x. This is why the lunar calendar formed from this table is 
given four lunar years (2, 7, 10, and 14) of 355 days (pink coloured boxes in figure 5.8). In daily 
practice this could occasionally be one day more or less as a result of observations and 
synchronization of the lunar calendar with the solar years, but of course not in a basic pattern for a 
lunar calendar. The distribution of the leap months over the 19 solar years is also very irregular and 
does not fit into any known existing pattern. 

This pattern of the double months of 30 days also means that the fixed duo’s of 29 and 30 day 
months cannot always be present according to the usual pattern. These duo’s are necessary 
because they form the duration of 2 lunar months of ± 29.5 days each with 59 days together and 
thus the 6 duo’s per standard lunar year of 354 days. As a result, with the double lunar months of 
30 days, the first day no longer coincides with the 1st narrow crescent moon after new moon. You 
cannot therefore remove 1 or more days from, or add to, a series of lunar months with impunity (see 
also Depuydt 1997: 39) without disrupting the working. 


48 



























































Distribution of months of 29 and 30 days in the lunar calendar according to the table in figure 5.6 



years 


months 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

total 

1 

30 

30 

29 

30 

30 

30 

30 

29 

30 

30 

30 

29 

29 

30 

30 

29 

30 

30 

30 


2 

30 

30 

30 

29 

29 

29 

29 

30 

29 

29 

29 

30 

30 

30 

29 

30 

29 

29 

29 


3 

29 

29 

29 

30 

30 

30 

30 
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30 

30 
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29 

30 

30 

30 
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30 

30 

30 
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29 

30 

29 

30 

29 

29 

29 

30 

29 

30 

30 

30 

29 

29 

30 


5 

29 

29 

29 

30 

30 

29 

30 

29 

30 

30 

30 

29 

30 

29 

29 

29 

30 

30 

29 


6 

30 

30 

30 

29 

29 

30 

29 

30 

29 

30 

30 

30 

29 

30 

30 

30 

29 

29 

30 


7 

29 

29 

29 

30 

30 

29 

30 

29 

30 

29 

29 

29 

30 

29 

29 

29 

30 

30 

29 


8 

30 

30 

30 

29 

29 

30 

29 

30 

29 

30 

30 

30 

29 

30 

30 

30 

29 

29 

30 


9 

29 

29 

30 

30 

30 

29 

30 

29 

30 

29 
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29 

30 

29 

29 
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30 

29 
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30 

30 

29 

29 

29 
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30 

30 

29 

30 

30 

30 
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30 

29 

29 

29 

30 


11 

29 

29 

30 

30 

30 

29 

29 

30 

30 

29 

29 

29 

30 

29 

29 

30 

30 

30 

29 


12 

30 

30 

29 

30 

29 

30 

30 

29 

29 

30 

30 

30 

29 

30 

30 

29 

30 

29 

30 


13 

29 



29 


29 




29 




29 



29 


29 


totals 

384 

355 

354 

384 

354 

384 

355 

354 

354 

384 

355 

354 

354 

384 

355 

354 

384 

354 

384 

6940 


Figure 5.8 - The table from figure 5.7 converted into a lunar calendar with 19 solar years cycle. 


With the exception of the 7 leap months, it was common for the number of "hollow" months of 29 
days to be in principle equal to the number of "full" months of 30 days. This is to get a standard 
lunar year of 354 days. The arithmetic solution as described by Geminos does not meet this 
requirement. The question is therefore whether this really was Meton's working method. 

It is extremely unlikely that the Babylonian structure of the 19-year cycle lunar calendar came about 
through the circuitous detour described by Geminos. Much more logical is the direct application of 
the duo’s of 29 and 30 days with 6 of these duo’s of 59 days in a lunar year, which together are 
almost always 354 (sometimes, however, 353 or 355) days. This is supplemented by 7 leap months 
of 29 or 30 days that are inserted according to a certain theoretical schedule in combination with 
observations evenly over the 19 solar years. A method that the Assyrians, Babylonians, Jews and 
Chinese also used in their lunisolar calendar. 

It is remarkable, however, that Geminos does not describe the basic principles as used in the 
Babylonian lunisolar calendar in the period from 614 BCE to 52 CE and as seen in the diagram of 
Parker and Dubberstein (2007: 6). You would expect that both Meton and Geminos must have 
known about these basic principles as applied by their neighbours. 

Ptolemy also regularly mentions the 365 1/4 days as the length of the solar year. The Almagest also 
refers to a limited number of observations spread over a large period (figure 5.9). Moreover, these 
observations took place at very different times of the day. What is striking in the descriptions of the 
observations is that it always concerns 1 observation and not two or more. Pederson (2011) has 
brought together 15 of the total of 94 observations mentioned in Appendix A in a well-organized 
manner in Chapter 5 under "the length of the year". The 8 most relevant observations for the 
duration of the solar year and the equation used by Ptolemy I have shown schematically in figure 
5.9. 

The 3 steps of Ptolemy (autumn equinox, summer solstice and spring equinox) that together led to 
the determination of the solar year and described by Pederson, are shown in different colours in this 
diagram. 
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Observations used by 
Ptolemy in the Almagest 
(Pederson 2011: Appendix A) 
for solar year duration 


Hipparchus (S7) 
morning 
Alexandria 

March 24- 146 CE (Jul) 
spring-equinox 


Meton/Euctemon 
June 27 - 432 BCE (Jul) 
Athene 
morning 

summer solstice 


Hipparchus 
no time 
135 BCE (Jul) 
summer solstice 
duration solar year 
365; 14, 18 - 
365d:5h:55m:12s 



Ptolemy (SI 4) 

22 March 22 - 140 CE (Jul) 
Alexandria 
1 hour after midday 
spring-equinox 



zpy Ptolemy (SI 5) 
June 25 - 140 CE (Jul) 
Alexandria 

2 hours after midnight 
summer solstice 


Ptolemy (SI 3) 
Sept 26- 139 CE (Jul) 
Alexandria 
1 hour after sunrise 
autumn-equinox 


Aristarchus (S2) 
280 BCE (Jul) 
Alexandria ? 
no time 

summer solstice 


Q 1 st step Ptolemy 
(J) 2nd step Ptolemy 
Q 3rd step Ptolemy 


(Jul) Julian calendar 


kV 

Hipparchus (S6) 
Alexandria 
midnight 

Sept 26/27- 147 BCE (Jul) 
autumn-equinox 


Duration solar year according to Ptolemy 
365; 14, 18 = 365d: 5h: 55m: 12s 


Figure 5.9 - Scheme of the by Pederson (2011) selected and numbered observations described in the 
Almagest and used by Ptolemy to determine the solar year duration. 


What is immediately striking are the different times of observations that are compared with each 
other. There is also always 1 observation. The question is how, on the basis of 1 observation, a 
duration of a solar year can be determined as stated in the literature for, for example, Meton on June 
27, 432 BCE (Julian) regarding the summer solstice. Hopefully it can be assumed that this was 
preceded by at least 1 other observation although this is not mentioned. But how certain is that? 
This points more to the use of the schematic sidereal solar year (Kugler 1910: 5) as used by the 
Babylonians (see 5.10). 

Figure 5.9 shows which observations from the summer solstice in 8, 16 and 92 (3rd step Ptolemy, 
green colored circles) were compared. Different locations, different times and even an observation 
without date and time. How reliable can this be? And yet, in modern literature, Meton's 
measurement is presented as a kind of beatific truth. Overall, the arguments presented are not really 
convincing and credible. 
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Moreover, other demonstrable examples show that the Greeks knew that a solar year counted 365 
solar days because this was the standard as seen in the preserved Greek parapegmata (Bowen & 
Goldstein 1989: 45) on the one hand and in the counts of days of the duration of the four seasons 
together (see 4.6), which always amount to 365. 

5.6 Distribution of 7 leap months 

Although the 7 leap months are mentioned by Geminos and Ptolemy as months to be inserted, they 
pay little or no attention to this in their discussion of the 19-year cycle. The Greeks are known to 
have taken over astronomical and mathematical information from the Babylonians. And the 
Babylonians apparently had a good working distribution of the 7 leap months because they applied 
it fairly consistently during the period 633 BCE to 52 CE (Parker and Dubberstein 2007: 6; see also 
Ossendrijver 2015: 1867). For the distribution of the 7 leap months of 30 days over the 235 lunar 
months and the 19 solar years they used a more or less fixed pattern. This pattern was basically 
based on the division 3, 3, 3, 2, 3, 3, 2 (in 3rd, 6th, 9th, 11 th, 14th, 17th and 19th years) (Jones 2017: 
78; Samuel 1972: 140). The same pattern is also present in the Athenian lunisolar calendar (Meritt 
1961: 12, 13; figure 5.10), the Jewish lunisolar calendar (Reingold 2001: 97; figures 5.12 and 5.13) 
and the Chinese lunisolar calendar (Martzloff 2016: 69-71). 


ATHENIAN LUNAR CALENDAR 


NORMAL YEAR 

LEAP YEAR 

month 

days 

month 

days 

Hekatombaion 

30 

Hekatombaion 

30 

Metageitnion 

29 

Metageitnion 

29 

Boedromion 

30 

Boedromion 

30 

Pyanepsion 

29 

Pyanepsion 

29 

Maimakterion 

30 

Maimakterion 

30 

Poseideon 

29 

Poseideon 

29 

- 


Poseideon II 

30 

Gamelion 

30 

Gamelion 

30 

Anthesterion 

29 

Anthesterion 

29 

Elaphebolion 

30 

Elaphebolion 

30 

Mounichion 

29 

Mounichion 

29 

Thargelion 

30 

Thargelion 

30 

Skirophorion 

29 

Skirophorion 

29 

Total 

354 

Total 

384 


Figure 5.10 - Structure Athenian lunar calendar 
(Meritt 1961: 12, 13) 


Although the Babylonians predominantly used the month of Addaru II as a leap month, the scheme 
of Parker and Dubberstein (2007: 6) shows that they also used the month of Ulula II as a leap month 
once in the cycle of 19 years for a long period of time. Moreover, in this same scheme of Parker and 
Dubberstein, it is easy to see that the Babylonians were flexible in adding an extra leap month when 
needed. 

Besides the Babylonian pattern, there is also a division of 3, 3, 3, 2, 3, 3, 2 (in 3rd, 6th, 9th, 11th, 
14th, 17th and 19th years). In the Kallippos cycle the pattern of 2, 3, 3, 2, 3, 3, 3 was used (in 1st, 
3rd, 6th, 9th, 11th, 14th and 17th years; Jones 2000: 145). 
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The basic principle of the distribution of the leap months is that in 7 of the 19 solar years an extra 
lunar month was added as a leap month (figure 5.11). Or as Spalinger (1994: 2) puts it: 12 "normal" 
years of 12 lunar months (354) and 7 "big" years of 13 lunar months (384; is +30 Mondays) (see also 
Neugebauer 1969:102; Pannekoek 1961 : 218; Jones 2017: 78, 213; Parker and Dubberstein 2007: 
1 ). ' 


59 118 177 236 295 354 384 
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-► 

-—► 

-—► 

-► 

rii'Too - 

29 I 30 

29 I 30 

30 I 29 

30 | 29 

30 I 29 

30 


basic period 12 lunar months + 1 leap month CZ) 

Figure 5.11 - Basic structure 13 lunar months of which 1 leap month with a total of 
384 days. 


5.7 Origin solar year of Geminos and Ptolemy 

It remains intriguing how Geminos and Ptolemy could have arrived at the length of the solar year. It 
is Geminos who in the Chapter ”1. About the circle of the signs” (Evans and Berggren 2006: 113, 
114) lifts a corner of the veil. Under "Signs and constellations" he first describes the zodiac with the 
12 signs that, within a full orbit in a 360° circle, each occupy 30°. This is very similar to the 
Babylonian schematic 360-day calendar (see 5.10). 

He then describes under "Division into degrees’ 1.7 that it takes the sun a year to return to the 
starting point before it traverses the circle of the zodiac. The time mentioned above is 365 1/4 days 
so that the sun travels 1/365 1/4 day per day which is almost 1°. Here it is already clear that the 
duration of 365 1/4 days of Geminos is not the duration of the natural solar year but measured by 
the orbit of the sun through the zodiac, so in fact a sidereal solar year (Kugler 1910: 5). This is 
exactly what we see in the schematic 360-day count (see under 5.10). 

In addition, the seasons were also linked to the zodiac as Geminos mentions under "Equinoxes, 
solstices and seasons". Under 1.10 he writes that the spring equinox is connected with the 1st 
degree of the zodiac sign Aries. He then describes under "The inequality of the seasons" (Evans 
and Berggren 2006: 116,117) which zodiac signs belong to which season and season point, which 
sign of the zodiac is the first of a season and what the duration is of each season. This is also 
exactly as John Steele (2017: 74) describes it on the basis of the Dodecatemoria schedule for the 
schematic 360-day calendar (see under 5.10). Geminos adds in 1.17 again that all the days of the 
seasons together make 365 1/4 days. I have visualized the above description in figure 5.12. 

There is 1 day difference between the spring equinox described by Geminos based on the 1st 
degree of the zodiac sign Aries, March 22, 40 BCE Greg.) and the actual spring equinox determined 
with the help of the astronomical program SkySafari 6 Pro, which took place on March 21,40 BCE 
(Greg.). In order to be able to compare them, the last one was also measured around 12:00 PM. 

Obviously, this Geminos model is strongly time-bound because the precession causes the zodiac 
signs to seem to keep shifting. Recently the spring equinox took place on March 20, 2020 CE 
(Greg.) But now more or less on the border between the zodiac signs Pisces and Aquarius. So 
almost 2 zodiac signs further in the zodiac. 

The method of determining the position of the sun in the year on the basis of the position of the 
stars and constellations (zodiac) in the sky is confirmed by various observations described by 
Ptolemy (Pederson 2017: Appendix A) such as Hipparchus in 147 BCE with an observation of the 
autumn equinox at midnight, or Ptolemy himself with an observation in 140 CE at 2 hours after 
midnight of the summer solstice. For these observations is not the autumnal equinox or solstice 
itself mentioned but the corresponding day with respect to a particular zodiac sign. These links 
between season point and zodiac sign are shown in figure 5.12. In fact, this measured the duration 
of the sidereal year. 
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Also in the texts the link between stars and sun during equinoxes or solstices is regularly mentioned 
(White 2014: 43-55). At that time, in imitation of the Babylonians, people were constantly concerned 
with the relationship between the sun and the zodiac. Sadly, we will never know how Meton 
calculated the summer solstice in 432 BCE. 


Athens March 22, 40 BCE (Gr) spring-equinox in 1° Aries 


sun azimuth 180° 00' 02,7" 



Figure 5.12 - Visualization of the relationships between the seasons, season points, season durations, 
solar year durations, zodiac signs, and degree distribution in 40 BCE, as described by Geminos (Evans 
and Berggren 2006: 113-117). The viewing direction is south. 

Another possibility is that Geminos and Ptolemy had knowledge of the Canopus decree issued in 
238 BCE under the name of the Greek ruler Ptolemy III Euergetes and king of Egypt. At the time, it 
was mistakenly assumed that in order for the Egyptian New Year's Day to coincide with the heliacal 
rise of the sacred star Sirius (Sothis), the duration of a year had to be 365 1/4 days (Wallis Budge 
1904, Chapter 1 ). Ptolemy must have known this because he worked extensively in Alexandria in 
Egypt. Incidentally, this decree was never adopted and implemented by the native Egyptians 
themselves. In addition, Ptolemy must also have knowledge of the introduction of the Julian 
calendar in 43 BCE with the duration of an average calendar year of 365 1/4 days. 

But, as already mentioned, there is an already mentioned possibility that should certainly not be 
excluded. And that is that Geminos and Ptolemy themselves calculated the duration of the solar 
year arithmetically. This had already been suggested by the German astronomer Tobias Meyer 
(Swerdlow 1980: 292) who made a comment to that effect in one of his letters (dated August 22, 
1753) to the Swiss-born mathematician Leonhard Euler. 
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Meyer stated that both Ptolemy and Hipparchus had derived the duration of the tropical year of 365 
1/4 - 1/300 and 365 1/4 themselves from the 76-year cycle of Kallippos with 76 solar years, 940 
lunar months and 27,759 lunar days and not based on own observations. Because if you divide the 
27,759 days by the 76 years, you arrive at the duration of a year of 365.25 days. This also applies 
to the 6940 days and 19 years of Meton because the 6940 days divided by 19 is 365.26315, which 
is exactly the 365 5/19 day duration mentioned by Geminos (Evans and Berggren 2006: 184). 

However, it remains very curious that, according to Geminos and Ptolemy, the two Greek 
astronomers Meton and Kallippos assumed solar years of 365 5/19 and 365 1/4 days respectively. 
The strange thing is that the mentioned duration of 365 5/19 and 365 1 /4 approximates the duration 
of a solar year according to our current Western system of time reckoning with the Gregorian 
calendar as a practical instrument. But this Western system is based on days of exactly 24 hours 
with the 400 years of orbit as the foundation, which is based on 400 solar years of each 365 solar 
days. And knowledge of this system was far from existent in the days of Meton, Kallippos, Geminos, 
and Ptolemy as it was not invented until the 16th century CE. They really had to do with the true 
solar year of 365 solar days, each about 57 seconds longer than our Western 24-hour days (57 x 
365 = 20,805 seconds = 5 hours, 46 minutes and 45 seconds). 

Regarding the durations used by Ptolemy, he does mention that the time measurements in sixtieths 
of a day (one day was 360 degrees of time, 1/60 is 6 degrees of time) were converted to equinox 
hours. And these equinox hours are based on true solar days (Toomer 1984: 281 H473). This further 
confirms that even in Ptolemy's time, only natural solar time was actually used and therefore a solar 
year of 365 solar days. 


5.8 Comparison of the Jewish calendar 

The values and calculations reported by Geminos and Ptolemy are particularly questionable 
because they deviate greatly from the usual structure of the 19-year cycle used by the Babylonians 
and Jews. The Jews too, when occupied by the Babylonians around 500 BCE, had inherited some 
customs from their occupiers such as the 19-year cycle of the lunisolar calendar (Cohn 2007: 18). 

At the time, a lunar calendar was based on regular observations. It was in 359 CE (Julian Era) that 
the Jewish lunisolar calendar with the Babylonian 19-year cycle, used for hundreds of years, was 
adopted by the Jewish Sanhedrin (court), with Hillil II as its chairman, as standard, put in writing and 
published (Reingold 2001: 95; Flores 2013). 

This step was taken to prevent the loss of knowledge of this vital calendar and time reckoning for 
the Jews because of the persecution by the Romans. Fortunately, this knowledge has been 
preserved and now provides insight into its age-old structure and operation. 

As with the Babylonians, 235 lunar months and 19 solar years are the foundation of the Jewish 
lunisolar calendar. The composition of the 235 lunar months, however, is clearly described in the 
Jewish version and gives a good picture of the logical structure and operation of this 19-year cycle. 
The Jewish version shows that within such a lunar calendar, according to a number of established 
rules of the game, the necessary flexibility is also built in with regard to the insertion or omission of 
a day within the 12 lunar months of a solar year where necessary without seriously affecting the 
lunar calendar (figure 5.13). 

The rules for this are dictated by fixed prayers and holidays which I will not go into further as it is 
beyond the scope of this discussion. It is mainly about the basic structure and operation of this 
Jewish time reckoning. The Jewish calendar does make a distinction between the religious calendar 
according to the Torah that begins on Nisan 1 and an ordinary calendar of use according to the 
Mishna that starts on Tishri 1. They are exactly the same in structure and operation, but each has 
its own starting point. 
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JEWISH LUNAR CALENDAR 


JEWISH 19 YEARS CYCLE 



COMMON YEAR 

LEAP YEAR 


month 

days 

month 

days 

Tisjri 

Tishri 

30 

Tishri 

30 

Chesjwan 

Marcheshvan 

29 

Marcheshvan 

29 

Kislew 

Kislev 

30 

Kislev 

30 

Tewet 

Tebeth 

29 

Tebeth 

29 

Shewat 

Shevat 

30 

Shevat 

30 

Adar 

Adar 

29 

Adar 1 

30 


- 


Adar II 

29 

Niesan 

Nisan 

30 

Nisan 

30 

lyar 

lyar 

29 

lyar 

29 

Siewan 

Sivan 

30 

Sivan 

30 

Tammoez 

Tam muz 

29 

Tammuz 

29 

Aw/Menacum-Aw 

Ab 

30 

Ab 

30 

Elloei 

Elul 

29 

Elul 

29 


Total 

354 

Total 

384 


Figure 5.13 - Overview of the two types of years in the Jewish lunar 
calendar with on the left the structure of the common year according 
to the Mishnah and on the right that of the leap year. 

Every common year has 6 hollow months of 29 days and 6 full months 
of 30 days. Each leap year has 6 hollow months of 29 days and 7 full 
months of 30 days. Over the 19 years this is 114 hollow months and 
121 full months with a total of 6936 days. 


YEAR 

KIND OF 
YEAR 

DAYS 

1 

common year 

354 

2 

common year 

354 

3 

leap year 

384 

4 

common year 

354 

5 

common year 

354 

6 

leap year 

384 

7 

common year 

354 

8 

leap year 

384 

9 

common year 

354 

10 

common year 

354 

11 

leap year 

384 

12 

common year 

354 

13 

common year 

354 

14 

leap year 

384 

15 

common year 

354 

16 

common year 

354 

17 

leap year 

384 

18 

common year 

354 

19 

leap year 

384 

Total 

6936 


Figure 5.14 - Overview of the 
structure of the 19-year cycle with 
the distribution of the 7 leap years. 


The basic structure is the same as the usual structure described under 5.2. In the Jewish 19-year 
cycle, the pattern of the distribution of the 7 additional leap months to be inserted is according to 
the method 3, 3, 2, 3, 3, 3, 2 with which in the 3rd, 6th, 8th, 11th, 14th, 17th and 19th year (figure 
5.14) a leap month inserted at a fixed place in the calendar (Reingold 2001: 96, 97). The scheme in 
Parker and Dubberstein (2007: 6) also follows the Babylonian method 3, 3, 2, 3, 3, 3, 2. 

Because in the case of the Jewish lunar calendar it was known that small deviations could occur in 
the duration of the lunar months, a number of extra moments were also established at which a day 
can be inserted or omitted. 

This was necessary in order to keep in step with the solar year and the seasons in keeping the 
inseparable holidays and prayer days. Due to the small deviations in the length of the lunar months, 
a common Jewish lunar year can have 353, 354 or 355 days and a leap lunar year 383, 384 or 385 
days (Gartenhaus and Tubis 2007: 113). 

When we replace the values of the above-described Jewish time reckoning with the values 
according to the Western standard time reckoning, the 19 solar years based on epoch 747 BCE 
(Pederson 2011: Appendix B) have a duration of 19 x 365.24666 = 6939.68654 and the 235 lunar 
months have a duration of 235 x 29.530594 = 6939.68959 Western standard days (see figures 5.14 
and 5.15). The difference is 0.00305 (4 minutes and 23.5 seconds). This makes a lot more sense 
than Geminos and Ptolemy's assumptions. 
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A day can be added to the Jewish months of Marcheshvan (Cheshwan) and/or Adar when 
necessary, while a day can be subtracted from the month of Kislev when necessary. A leap month 
of 30 days is always inserted before the month Adar and this inserted month will be named Adar I 
while the existing month Adar will be called Adar II. 

It is clear that on the basis of the structure and operation of the above-described Jewish time 
reckoning a logical and very well-balanced 19-year cycle is created that corresponds to the 
Babylonian, Jewish and Athenian lunisolar calendars. 

In addition to the basic structure of the 19 solar years, the 235 lunar months and the 7 leap months, 
the structure and functioning attributed to Meton as described by Geminos deviates from the 
distribution common at that time. The 19-year cycle is by no means a method of calculating the 
length of a solar year as suggested by Geminos and Ptolemy. Rather, it is the other way around 
because you need to know the duration of a solar year to determine the number of lunar months 
that fit into it. 

As mentioned earlier, this 19-year cycle was also known in ancient China from around 600 BCE. 
With exactly the same 235 lunar months, of which 7 are leap months (Aslaksen 2010: 9; Cullen 
2017: par. 1.3). According to Aslaksen (2010: 9) this was called the "zhang" cycle. 


5.9 The 76-year cycle of Kallippos 

Unfortunately little is known about Kallippos of Cyzicus (ca. 370-300 CE). As with Meton, almost 
nothing of the work of Kallippos (or Callippus) has been directly handed down to us. Geminos 
devotes only a few sentences to it (Evans and Berggren 2006: 184, 185). Ptolemy discusses this 
cycle in more detail (Toomer 1984:12-14). Kallippos is said to have developed a cycle based on the 
19-year cycle of Meton described above, but in a quadruple thereof. The Kallippos cycle is said to 
be more accurate than 4 times Meton's 19-year cycles combined. 

Geminos reports that Kallippos developed the 76-year cycle by adding 4 periods of the 19-year 
cycle of Meton to create (4 x 235 =) 940 lunar months with (4x7=) 28 leap months for a total of 

27.759 days (Evans and Berggren 2006: 184-185; Figure 5.15). Geminos also mentions that the 
distribution of the 28 leap months to be inserted was applied in the same way as in Meton's 19 year- 
cycle. 

Ptolemy mentions about the same as Geminos (Toomer 1984: 12; Jones 2016: 122) but adds that 
Kallippos used a solar year of 365 1/4 days with a total of 76 x 365 1/4 is 27,759 solar days. Also, 
Kallippos would have deducted 1 day from the 4 x 6940 days of the 19-year cycle with a total of 

27.760 days to arrive at 27,759 days. 

But if Kallippos used a year of 365 1/4 days, then with 76 x 365.25 this already amounts to 27,759 
days and therefore no day had to be deducted. So it was not a predetermined position but a 
consequence of the applied duration of a solar year. Ptolemy also mentions that several attempts 
have been made to reconstruct the Kallippos cycle with, however, conflicting results. Ptolemy 
himself indicates that in his day no one knew exactly how the structure and operation of the 76-year 
cycle of Kallippos worked. And although attempts have been made to unravel this structure, we still 
don't really know how this cycle was built. The only certainty in this story is the combination of 76 
solar years and 940 lunar months. Everything else is guesswork. 


76 solar years 

940 lunar months of which 28 leap months 

27,760 - 1 = 27,759 solar days 


Figure 5.15 - The basic elements of the 76-year cycle of Kallippos as narrated by Geminos and 
Ptolemy. 
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When only the 76 solar years and 940 lunar months mentioned by Geminos and Ptolemy, in that 
period in fact solar days, are converted from solar time to the Western system of time reckoning, 
then they appear to be almost equal in duration (figure 5.16). The difference between the two 
(27.758.74616 and 27.758.75836) is very small, namely 0.0122 days (17 minutes and 34 seconds). 
So according to our current standards and time reckoning an almost perfect combination. 


76 standard years of 365.24666 (epoch 747 BCE *) = 27,758,74616 standard days 
= 940 lunar months of 29,530594 (epoch 747 BCE *) = 27,758,75836 standard days 


* The epoch that Ptolemy used in the Almagest (according to Pederson 2011: Appendix B). 

Figure 5.16 - The two basic elements of the 76-year cycle of Kallippos converted into the Western 
system of time reckoning with almost equal values. Again, an almost perfect combination. 


The average duration of a lunar month over that period can also be roughly calculated by dividing 
the 27,759 solar days mentioned in figures 5.15 and 5.16 by the 940 lunar months, which results in 
an average of 29.53085 standard days. This again is very close to the epoch 747 BCE duration of 
an average of 29.53059 Western standard days of 24 hours. Remarkably, neither Geminos nor 
Ptolemy mention anything about this. 

If the same basic principles as for the Babylonian lunisolar calendar were applied for the 76-year 
cycle of Kallippos, then at least 76 solar years, 940 lunar months and 28 leap months should be 
assumed as Geminos mentions (Evans and Berggren 2006: 185). Elaborated according to the 
system of time reckoning in the 4th century BCE, this yields a result as shown in figure 5.17. 


(4 x 19 =) 76 solar years = 76 x 365 = 27,740 solar days 
(4 x 235 =) 940 lunar months of which (4x7=) 28 leap months 
940 - 28 = 912 -f 2 = 456 'hollow' (of 29 days) + 456 'full' (of 30 days) lunar months 
1 common 'lunar year' of 12 mean (29.5 days) lunar months = 354 days 
76 common 'lunar years' of 354 days = 26,904 days 
27,740 - 26,904 = 836 leap days = 28 = 29.86 days per leap month 
28 leap months of (29.86 = rounded of) 30 days is 840 days 
840 - 836 = + 4 leap days to much 

28 - 4 = 24 leap days of 30 (= 720) + 4 of 29 (= 116) dagen = 836 days 
26,904 + 836 = 27,740 solar days 


Figure 5.17 - Structure of the 76-year cycle of Kallippos based on the 4x 19-year cycle of 
Meton according to the 4th century BCE system of chronology. 


Based on the basic principles, this means that a common "lunar year" has 354 days and is made 
up of duo’s of 59 days each. This means that each common "lunar year" of 354 days should always 
have as many "hollow" as "full" lunar months. In addition, the 28 leap months must be evenly 
distributed over the 79 years. 

Although it is often assumed that the leap months consist of 30 days, this is not mentioned as such 
by Geminos and Ptolemy. Geminos mentions only the "embolic" (insertable) lunar months for the 
19-year cycle and the 76-year cycle without specifying a specific number of days. Ptolemy only 
mentions for the 19-year cycle that there were 12 years of 12 lunar months and 7 years of 13 lunar 
months. This must then be multiplied by 4 for the 76-year cycle. So (4 x 12 =) 48 years of 12 months 
(= 576 months) and (4x7=) 28 years of 13 months (= 364 months). Together this is again 940 lunar 
months. 
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As Geminos mentions, Kallippos would have used the same principle of the distribution of lunar and 
leap years for the structure of the 76-year cycle as is used in the 19-year cycle of Meton. So 76 
common lunar years of 354 days means 76 x 6 = 456 duo’s of 29 and 30 days. These are then 456 
"hollow" (29) and 456 "full" (30) lunar months. So (456 x 29) + (456 x 30) = 13,224 + 13,580 = 26,904 
days (figure 5.17). For the 28 leap months, 27,740 - 26,904 = 836 days remain. 

This difference of the 836 days must be divided over the 28 leap months. Because no exact 
numbers of days are given for these 28 leap months, they can therefore be variable. According to 
the example in the table in figure 5.17, these could therefore also consist of 24 months of 30 days 
and 4 months of 29 days, together 836 days. I also immediately admit that this too is just 
guesswork. This 76-year cycle was only used by astronomers because although the Greek city- 
states each had their own calendar, they were all based on the structure of the 19-year cycle 
(Thomson 1943: 53) like the Athenian calendar (see 5.5). 

The only author of whom I have found a proposal for the division of the 76-year cycle is Alexander 
Jones (2016: 122) who gives a brief description of the Kallippos cycle consisting of 4 x 235 = 940 
lunar months and 27,759 days (76 x 365.25). But the distribution of the hollow and full months was 
slightly different from that of Meton because of the omission of 1 day (4 x 6940 = 27,760), so 27,760 
-1 = 27,759 days. 

According to Jones, the cycle consisted of 441 hollow (29 days, figure 5.18 A) and 499 full (30 days, 
figure 5.18 B) months including the 28 (4 x 7) leap months reported by Geminos (figure 5.18 C). 
Jones's total thus became (441 x 29) + (499 x 30) = 27,759 days, which were actually solar days at 
that time (see overview 5.18 A and B). 


Structure according to Jones 


A 

441 hollow lunar months of 29 days = 441 x 29 = 12,789 days 

12,789 + 14,970 = 
27,759 days 

B 

499 full lunar months of 30 days = 499 x 30 = 14,970 days 

C 

28 leap months 


D 

27,759 -5- 76 solar years = 365.25 days per year 


Figure 5.18 - Structure of the 76-year cycle of Kallippos as suggested by Jones (2016: 


This assumption does mean that Jones has assumed a year of 365.25 days, so in fact an average 
Julian year expressed in Western standard time. However, the Julian calendar with mean standard 
years of 365.25 days has shown that it is out of step with the true solar year. It is also remarkable 
that Jones uses the average lunar month of 29.5 days in solar time instead of the average western 
lunar month of 29.53059 standard days. In fact, this comparison should not be made in this way 
because two different systems of time reckoning are compared with each other. 

Moreover, Jones does not start from the basic principles that would have been used for the 76-year 
cycle. So with 76 standard "lunar years" of 354 days consisting of 456 "hollow" and 456 "full" 
months and the 28 leap months. In Jones's proposal, there are 499 - 441 = 58 "full" months more 
than "hollow" months, while according to the logically constructed basic principles, it should have 
been the same. From these 58, according to Jones, the 28 leap months must then be subtracted, 
leaving 30 "full" months of 30 days, which must then be evenly distributed over the calendar. This 
significantly disrupts the structure according to the basic principles as a whole. Jones's proposal 
is mostly arithmetic and will most likely be useless in a practical sense. 
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5.10 The schematic Babylonian 360-day count 


In addition to the sun as a measure of time and the lunisolar calendar, the Babylonians also used a 
360-day count specifically for administrative and astrological purposes (Steele 2017: 70). However, 
the historical sources of the Dodekatemoria and Kalendertext schedules show that this type of 
count was also directly related from an astronomical and astrological point of view to the orbit of 
the sun and the lunar calendar itself (Brack-Bernsen and Steele 2004: 102). 

The name "360-day count" is somewhat confusing. Namely, in this case it is not a counting of days 
in the usual sense of a calendar as used by the ancient Mexicans and Egyptians who used a 360- 
day count along with a period of 5 transition days to arrive at the 365-day solar year. There it was a 
real count of 360 days. But the Babylonians used actually a schematic, ideal 360-day count made 
up of 12 lunar months of 30 days that were taken together equal to the 360° of the sun in the annual 
orbit of the sky and a parallel schematic nighttime 360° monthly (moon) and annual (sun) orbit of 
the zodiac (figure 5.19). And we know that a 360° orbit of the sun in a year is equal to 365 solar days. 


degrees days 



Figure 5.19 - Visualized principle of the 3 basic movements of the Babylonian 360-day count. Because the 
viewing direction is south, the direction of rotation of sun, moon and zodiac is clockwise. 
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The reason I want to explain this schematic 360-day count here is that the methodology used for 
this count could have served as a model for the way in which the duration of a solar year came 
about according to the descriptions of Geminos and Ptolemy. From the observations described by 
Ptolemy, it appears that quite a few nighttime observations are mentioned that are very similar to 
the 360-day count methodology used by the Babylonians. This concerns in particular the 
relationship between the positions of the moon in the zodiac and dates in the 360° and 360-day 
orbit of the sun. 

In the days of the ancient Babylonians, it was believed that the sun made a circular motion around 
the earth which we now know is of course the earth revolving around the sun in a slightly elliptical 
orbit of 360°. And because the earth rotates counterclockwise on its axis and around the sun, so 
for the northern hemisphere observer looking south, therefore, sun, moon, and zodiac seemingly 
move clockwise across the sky. The principle behind this 360-day count is the use of a schematic 
zodiac as an intermediary between the basic schematic movements of the sun and the moon, so in 
fact between day and night. The natural differences in the duration of the cyclical orbit of both the 
sun and the moon are completely ignored. The only thing that matters in this count is the fixed 
schematic principle. 

Observation direction of the starry sky 

Since so far the direction of view of the observer is south, this direction of view is also consistently 
applied in the following discussion of the 360-day count (see figures 5.21a and 5.21b). This does 
not matter for the principle, the sequence and the operation of this 360-day count. 

Three basic movements 

The surviving written records of the Babylonians show that they used an equal annual orbit of the 
sun and zodiac of 360° for the basis of their 360-day count. Not surprising because they did not 
know the difference between a solar year and a sidereal year. But because they used a lunisolar 
calendar, the moon also had to be fitted in a schematic way. The goal was clearly to integrate the 
moon in such a way that a schematic annual cycle was created in which the three basic movements 
of sun, moon and zodiac had the same beginning and end point. 

The first basic motion is that of the sun where the 360 days of the schematic count correspond to 
the true 360° annual orbit of the sun (figure 5.19). So each day of the 360-day count corresponds 
in the texts of the aforementioned Babylonian schedules to 1° (degree of time) of the orbit of the 
sun in the ecliptic. The first day of the year was the sun in the 1st degree of the zodiac sign Aries 
on or shortly after the spring equinox (Steele 2018: 100). However, an astronomical program shows 
that the sun was not at the beginning of Aries until around 294 BCE (approximately between 1° and 
3°). However, around 500 BCE, when the schematic 360-day count must have arisen, the sun was 
on or shortly after the spring equinox halfway to Aries (15°). Importantly, the basic motion of the sun 
with its apparent 360° orbit, which is actually completed in 365 solar days, is again the measure of 
time within which the other cycles move. The annual orbit of the sun is the actual foundation on 
which the 360-day count is based. And as long as the day of the spring equinox was used for the 
beginning of the year, this count of 360 days remained in line with the solar years for a long time. 

The second basic movement is that of the zodiac. In this 360-day count, the zodiac can be 
regarded as the connecting link between sun and moon, so between day and night. However, not 
with the known 12 constellations, but with a purely schematic distribution of the 12 signs of the 
zodiac with equal lengths of 30° within the 360° orbit. This is called the sidereal zodiac and 
originated in Babylonia, where it first appears in texts from 475 to 457 BCE (Powell 2007: 7, 39, 40). 
These 12 signs of the zodiac are based on certain fixed stars within the zodiac signs and seemingly 
rotate clockwise, east to west, along the meridian (figure 5.19). In fact, they do this every solar day, 
but this is the annual movement in relation to the position of the sun in the ecliptic. Incidentally, 
these 12 constellations do not rotate themselves, but this is also an optical result of the rotation of 
the earth on its axis and around the sun. According to Powell (2007: 8, 9), the first basis for the 
zodiac was the axis of the two stars Aldebaran and Antares, each of which stood at 15° in the 
zodiac signs Taurus (bull) and Scorpio (scorpio) during the period mentioned (figure 5.20). 
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Regarding the zodiac, it is important to determine from which viewing direction it is displayed. The 
zodiac as used in this discussion has the south as the viewing direction and rotates in the sky from 
east to west, so clockwise (figure 5.21a). But sometimes the zodiac has north as the viewing 
direction, like the Babylonian astrolabe B, so the mirror image of the southern viewing direction but 
then counterclockwise (figure 5.21b; Kolev 2013: 3). Unfortunately, the viewing direction is rarely 
mentioned in the literature. 

The zodiac as used in this discussion is the stylized astrological or sidereal zodiac. A simplification 
of the astronomical zodiac as shown in figure 5.20. What has struck me here is that in literature and 
on the internet there is almost no astronomical zodiac in which the depicted constellations are the 
same. Not even in astronomical computer programs like SkySafari 6.0 Pro and Redshift. You would 
expect that now, in 2020, an unambiguous image of this would have emerged. But nothing could 
be further from the truth, which is actually unimaginable. For the further discussion of the zodiac I 
used the design of the astronomical program SkySafari 6 Pro. 

The basis for the schematic zodiac as designed by the Babylonians was of course the starry sky as 
they saw it in their days. Around 294 BCE, when the schematic 360-day count must by now be 
solidified, according to SkySafari 6 Pro, the respective zodiac constellations looked similar to the 
one shown in figure 5.20. 



Figure 5.20 - The 12 astronomical constellations from the zodiac at Uruk around 
294 BCE according to the SkySafari 6 Pro astronomical program. Viewing direction 
is south. 


The 12 astronomical constellations do not have the same duration in days as the Babylonians used 
for a schematic and highly stylized 360-day count. According to Robert Powell (2007: 23), the 
duration in days of these 12 astronomical constellations is: 


Aries 

30 

Leo 

31 

Sagittarius 

30 

Taurus 

31 

Virgo 

31 

Capricorn 

29 

Gemini 

31 

Libra 

30 

Aquarius 

30 

Cancer 

32 

Scorpio 

30 

Pisces 

30 
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Around 500 BCE, Babylonians reduced the previously used 17 constellations to 12 constellations. 
Shortly before 400 BCE, they converted these into 12 equal zodiac signs, each with a duration of 
30 days and 30 degrees within the annual orbit of the sun in 360° (figure 5.21 a; Brack-Bernsen and 
Hunger 1999: 280). So in fact 365 days again, which in this schematic 360-day count have been 
converted into 360 days, each day representing 1°. 


Z 



N 



Figure 5.21b - The same Babylonian 
schematic distribution of the 12 zodiac 
signs of 30° each over the 360° but as 
mirror image and viewing direction 
north. 


Figure 5.21a - The Babylonian schematic distribution of the 12 
zodiac signs of 30° each over the 360° of a full orbit of the solar 
year. This schematic distribution is known as the sidereal zodiac. 
Viewing direction is south. 


And within the two integrated movements of the sun and zodiac, the third basic movement was 
fitted, that of the moon with the schematic 12 lunar months of 30 days each (figure 5.19, top right). 
This movement fitted seamlessly with that of the zodiac. While applying the moon's monthly orbit 
in this way is not at all consistent with astronomical reality, but it evidently worked fine for the 
Babylonians for their astrological predictions and practical calculations. 

However, the Babylonians used two different units for the schematic lunar month. The first was the 
30° or 30 days per lunar month in the annual orbit of the 12 lunar months and thus fitted seamlessly 
into the 360° orbit of the sun and zodiac. This unit was applied in the Kalendertext scheme (see 
table in figure 5.23). 

The second unit is that of 13° which is an average over 30 days of the sum of the differences per 
day in the height (longitude) of the moon with respect to the ecliptic. When from the 1st Babylonian 
day of the lunar month, i.e. the first visibility of the narrow crescent moon after new moon, the daily 
longitude of the moon is measured with the help of an astronomical program, such as SkySafari 6 
Pro, then it appears that the values for the days of, for example, a lunar month from May 30, 700 
BCE to June 6, 700 BCE lie between 15° and 11 ° with a total of approximately 395° over the 30 day 
period. This is an average of ± 13.18° per day, rounded up to 13° (table in figure 5.28). And this 13° 
became the schematic average that the Babylonians worked with for the days of the lunar month 
in their schematic 360-day count and applied it in the Dodekatemoria scheme (table in figure 5.27; 
Brack-Bernsen 2004: 111; Steele 2017: 74). 
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From the fact that the Babylonians used the lunisolar calendar in addition to the schematic 360-day 
counting, it can be inferred that they knew very well what the real pattern of the moon was, but that 
they clearly did not considered this important in their schematic 360-day count. In fact, they were 
already doing what we are now doing with our current Western calendar. Because we also use for 
our modern calendar in principle annually a schematic 365 days count which in the orbital period 
of 400 years does not always run parallel with the actual number of days of the solar year, but at the 
end together still arrive at approximately the same moment in the solar year time. 



Figure 5.22 - Three integrated basic movements in combination with the 12 names of the months and the four 
seasons with the equinoxes and solstices as expressed in tablet i 9-21 of the MUL.APIN (Kolev 2013: 3; 
Hunger and Pingree 1989: 73- 75; Van der Waerden 1953: 221). Viewing direction is south. 


Integration three basic movements 

The three basic movements mentioned above were ingeniously integrated by the Babylonians into 
a coherent whole. The basis for this is the annual 360° movement of the sun in the ecliptic. Of 
course we must not forget that the sun actually needs 365 solar days for its 360° orbit. So each 
degree represents 365 360 = 1.013888888 day. During the 360° movement of the sun through the 

ecliptic, in fact the orbit of the earth, the zodiac with its 12 signs is also traversed in a year of 360°. 
And in every sign of the zodiac, the moon has a schematic orbit of 30 days. 
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When these three basic movements are interwoven, the picture is created as shown in figure 5.22. 
In addition to these three basic movements, the Babylonians also had a zodiac-appropriate fixed 
pattern for the 4 astronomical seasons with the equinoxes and solstices. The basis for this is laid 
down in the so-called MUL.APIN in tablet i 9-21 (Hunger and Pingree 1989: 73-75; see figure 5.20). 
In reality, the orbit of the zodiac takes 20 minutes and ± 24.5 seconds longer than the orbit of the 
sun in a solar year. This is the ratio between sidereal year and solar year that is caused by the 
precession that leads to a shift of 1° in the 72 years (Rochberg 1999: 57). 


Schematic classification of lunar months 

The 12 lunar months are divided schematically into 30 days each. Lis Brack-Bernsen (2004) 
reconstructed the true nature of the Babylonian Kalendertext schema (Steele 2017: 74) and showed 
that the Kalendertext scheme was obtained by arithmetic manipulation of the Dodekatemoria 
schema. In summary, every day of the 12 lunar months is connected to a unique position in the 
sidereal zodiac and at the same time in the solar ecliptic. For each lunar month, the Babylonians 
had worked this out in diagrams or tables on their famous clay tablets. Fortunately, a limited number 
of tablets have survived and are now in the British Museum (Brack-Bernsen and Steele 2004: 95). 

As an example of this method, a table is given for lunar month I (Brack-Bernsen and Steele 2004: 
106) in which the 30 days are presented as horizontal lines with text in 4 columns (see table in figure 
5.23). 


KALENDERTEXT lunar month 1 

month 

day 

number 
zodiac sign 

degree 

diff. 

ahead 

diff. 

back 

l 

1 

10 

7 



l 

2 

7 

14 

o 

CO 

CO 

277° 

l 

3 

4 

21 

o 

CO 

CO 

277° 

l 

4 

1 

28 

o 

CO 

00 

277° 

l 

5 

11 

5 

o 

CO 

CO 

277° 

l 

6 

8 

12 

o 

CO 

CO 

277° 

l 

7 

5 

19 

o 

CO 

CO 

277° 

l 

8 

2 

26 

o 

CO 

CO 

277° 

l 

9 

12 

3 

o 

CO 

00 

277° 

l 

10 

9 

10 

o 

CO 

CO 

277° 

l 

11 

6 

17 

o 

CO 

CO 

277° 

l 

12 

3 

24 

o 

CO 

CO 

277° 

l 

13 

1 

1 

o 

CO 

CO 

277° 

l 

14 

10 

8 

o 

CO 

00 

277° 

l 

15 

7 

15 

o 

CO 

00 

277° 

l 

16 

4 

22 

o 

CO 

CO 

277° 

l 

17 

1 

29 

o 

CO 

CO 

277° 

l 

18 

11 

6 

o 

CO 

CO 

277° 

l 

19 

8 

13 

o 

CO 

00 

277° 

l 

20 

5 

20 

o 

CO 

CO 

277° 

l 

21 

2 

27 

o 

CO 

CO 

277° 

l 

22 

12 

4 

o 

CO 

CO 

277° 

l 

23 

9 

11 

o 

CO 

CO 

277° 

l 

24 

6 

18 

o 

CO 

00 

277° 

l 

25 

3 

25 

o 

CO 

00 

277° 

l 

26 

1 

2 

o 

CO 

CO 

277° 

l 

27 

10 

9 

o 

CO 

CO 

277° 

l 

28 

7 

16 

o 

CO 

CO 

277° 

l 

29 

4 

23 

o 

CO 

00 

277° 

l 

30 

1 

30 

o 

CO 

00 

277° 

II 

1 

11 

7 

o 

CO 

CO 

277° 


Figure 5.23 - Table of lunar month 1 according to the 
Kalendertext scheme as compiled by Brack-Bernsen 
and Steele (2004: 106). 
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From left to right, the first column contains the month number, the second column the day number 
within the month, the third column the number of the zodiac sign and the 4th column the number 
of degrees within that zodiac sign. The latter is also the direct connection with the position in the 
orbit of the 360 degrees of time of the sun and zodiac. From a viewing direction towards the south 
the zodiac signs and the corresponding degrees within the sign are always 83° ahead of the next 
day or 277° back from the previous day as shown additionally in the 5th and 6th column. 

The reason for assigning 83° or 83 days to the forward motion is logical because of the natural 
directions of motion in the starry sky. Looking south, the moon moves with the zodiac from left to 
right (east-west) across the sky, with the moon moving faster than the zodiac. Just forget about 
astronomical reality in these tables and let yourself be guided solely by the mathematical logic of 
the Babylonians. 

They have only looked for a practical, conclusive arithmetic solution for the 12 x 30 = 360 lunar days 
over the 360° or days where each day of the lunar month was given a unique position in the orbit of 
the zodiac and the sun. Brack-Bernsen and Steele (2004: 116-117) have shown in a table that the 
Babylonians were very successful in this. They used the 83° or 83 days and the 277° or 277 days 
as fixed values to be able to calculate fast forward or backward in order to find a date or celestial 
position. However, no grandiose theories or formulas should be sought behind this. 

Although I have not been able to find an astronomical explanation for the 83° and 277° in the 
literature, Lis Brack-Bernsen (2004:108-109) has shown that only by using these units the 12 orbits 
of the schematic lunar months return exactly to the starting point of the 360°. Because when the 
30th day of the 12th lunar month is reached, so the last day of the 360-day count, it comes to 30° 
of the 12th sign of the zodiac, the sign of the Pisces. This can also be written as 0° in the sign Aries 
where the next round of the schematic 360-day count begins again. So basically an pure arithmetic 
solution. 

The operation of this count per lunar month is as simple as it is ingenious. Using the table in figure 
5.23,1 placed the first 4 lines of text of the table (figure 5.23) for lunar month I in a red frame. In the 
following I will show per line of text how simple this works in practice. However, the system behind 
this is a clever feat of calculations. 

Text line 1 

The 1 st line in the table of figure 5.23 (1,1,10,7) says that in month I on day 1 the moon is in zodiac 
sign 10 (Capricorn) and at 7° in this sign. This table therefore always concerns a link between a date 
(lunar month and day) and a position in the zodiac (zodiac sign and degree). The question is whether 
the Babylonians counted the days in this table to the right (83 degrees or days, see figure 5.24a) or 
to the left (277 degrees or days, see figure 5.24b). In both directions the starting point of the table 
of the Kalendertext scheme will be month I on day 0 in the zodiac sign 1 (Aries) at 0° and is shown 
with a green dot in figures 5.24a and 5.24b. Seen in a southerly direction the motion of the zodiac 
and moon is clockwise, so the counting is to the right to the next position of the moon. Presumably 
in this case the zodiac should be regarded as a static object along which the moon moves. The 277° 
or 277 days may have been used for the countdown. 

Text line 2 

The second line of text (I, 2, 7, 14) shows month I as date but now on day 2 and as position for the 
moon the zodiac sign 7 (Libra) at 14° in this sign. So 2 zodiac signs (2 x 30°) and 23° further than 
the previous one. This location is shown in figure 5.25 with a blue dot. Since the moon travels daily 
from east to west across the sky and this is the 2nd day of lunar month I, it is the logic itself that 
this 2nd day is therefore (2 x 30° + 23° =) 83° or 83 days ahead of day 1 of lunar month I. And it is 
again the logic itself that counting back then this 2nd day is 360° - 83° = 277° or 277 days from the 
1 st day. Save yourself the trouble of finding astronomical logic here, because there is none. 

Text line 3 

The third line of text in the table in figure 5.23 says that on the 3rd day in lunar month I, the moon 
in the zodiac sign 4 (Cancer) was at 21° in this sign. Again 83° or 83 days further than day 2. This 
position in the zodiac is shown with a brown dot (figure 5.25). 


65 


S = Starting point of the year in lunar month 1 
on day 0 and 0° of the zodiac sign Aries 



S = Starting point of the year in lunar month 1 
on day 0 and 0° of the zodiac sign Aries 
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Text line 4 

The fourth line says that in lunar month I on day 4 the moon in zodiac sign 1 (Aries) was at 28°. Again 
83° or 83 days further than day 3 of lunar month I. This position is indicated by a grey dot (figure 
5.25). 

Figure 5.25 shows how the above discussed first 4 days of the table (red box top left in figure 5.23) 
of lunar month 1 and their relationship with the signs and degrees of the zodiac are. It is best to 
imagine this 360° orbit of the zodiac as a round disk with 12 signs that rotates clockwise (south) 
with the red triangle at the top at 0° of sign Aries as a fixed starting point or zero point with respect 
to this clockwise rotating disk. 


S 

spring-equinox 
8° Aries 


= Starting point of the year in lunar month 1 
at 0° of the zodiac sign Aries 



Figure 5.25 - The first four days of lunar month I from the Kalendertext table (figure 5.23) in relation to the 12 
signs of the zodiac spaced 83° and 277° apart. Viewing direction is south. 


When the 30 days of lunar month I from the table of figure 5.23 with their corresponding zodiac 
signs and numbers are placed one after the other in a circle of 360°, the shifting with 2 or 3 zodiac 
signs becomes clear (figure 5.26). 
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days 



Figure 5.26 - Visualized representation of the relationship between the days of the 1st lunar month and their 
corresponding zodiac sign with number according to columns 2 (day number in outer ring of numbers) and 3 
(sign of zodiac with number in inner two rings with characters and numbers) of the table in figure 5.21. Viewing 
direction is south. 

Remember that the viewing direction of the observer is important. When the observer looks in a 
northerly direction, the sun, moon and stars will rotate to the left, so counterclockwise. Looking 
south, however, the sun, moon and stars rotate to the right, so clockwise. For example, Lis Brack- 
Bernsen and John Steele (1999: 288; 2004: 98; Steele 2011: 336) assume a northern viewing 
direction (counterclockwise) like the Babylonian astrolabe B, while in this discussion I am assuming 
a southern viewing direction (clockwise). The principle is the same. Incidentally, the Ancients did not 
know the compass directions east, north, west, and south at all. They worked with much broader 
concepts and areas. For example, the Babylonians used the “paths of Anu, Enlil, and Ea” to indicate 
the four cardinal directions. Or the 12 gates for sunrise and sunset. And the notions ‘in front of and 
‘behind’, or ‘up’ and ‘down’ to indicate certain celestial objects in relation to other celestial objects. 

For the table in figure 5.23 and its visualization in figure 5.25, I used south as the viewing direction, 
so that the reading direction is clockwise. The distance between the days is always + 83° in this 
reading direction. Measured backwards, the days are always -211° apart. With a northern viewing 
direction, these values are of course exactly the other way around, namely -83° and + 211°. 
However, this makes no difference for the working. These 83° and 211° as the distance between all 
30 lunar days are constant values that were determined and used by the ancient Babylonians. By 
applying this consistently, after 12 lunar months of 30 days, the count returns exactly to the actual 
starting point on day 0 (or 0°) of the zodiac sign Aries. 

In addition, the Babylonians also used the so-called Dodekatemoria scheme in their schematic 360 
day count. This scheme expressed the diurnal position of the moon in relation to the zodiac and the 
sun (figures 5.27, 5.28 and 5.29). 

Because this is difficult to describe, I visualized this in figure 5.29. The core of this methodology is 
that the moon moves ±13° each day with respect to the orbit of the ecliptic and therefore has to go 
through 30 x 13° = 390° in the total orbit of 30 days in order to equal the starting point of the orbit 
of the ecliptic of the sun (see measured course in figure 5.28). This method is shown in the 
Babylonian table with the Dodekatemoria scheme in figure 5.27 (Brack-Bernsen and Steele 2004: 
111). So in this table the Babylonians have always applied the periods of 13°. I added the 3rd 
column with this 13° difference. 
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DODEKATEMORIA SCHEME 

number 
zodiac sign 

degree 

diff. in degrees 
with previous day 

month 

day 

1 

13 


1 

1 

1 

26 

13° 

1 

2 

2 

9 

13° 

1 

3 

2 

22 

13° 

1 

4 

3 

5 

13° 

1 

5 

3 

18 

13° 

1 

6 

4 

1 

13° 

1 

7 

4 

14 

13° 

1 

8 

4 

27 

13° 

1 

9 

5 

10 

13° 

1 

10 

5 

23 

13° 

1 

11 

6 

6 

13° 

1 

12 

6 

19 

13° 

1 

13 

7 

2 

13° 

1 

14 

7 

15 

13° 

1 

15 

7 

28 

13° 

1 

16 

8 

11 

13° 

1 

17 

8 

24 

13° 

1 

18 

9 

7 

13° 

1 

19 

9 

20 

13° 

1 

20 

10 

3 

13° 

1 

21 

10 

16 

13° 

1 

22 

10 

29 

13° 

1 

23 

11 

12 

13° 

1 

24 

11 

25 

13° 

1 

25 

12 

8 

13° 

1 

26 

12 

21 

13° 

1 

27 

1 

4 

13° 

1 

28 

1 

17 

13° 

1 

29 

1 

30 

13° 

1 

30 

2 

0 

13° 

II 

0 


Figure 5.27 - Table showing the Dodekatemoria scheme as 
presented by Brack-Bernsen and Steele (2004: 111). 


According to Steele (2017: 74), the moon schematically takes 30 days to complete a full 360° orbit 
in the zodiac. But the moon has to travel another 30° to catch up with the sun, so the total distance 
traveled is 360° + 30° = 390°. This means that according to the Dodekatemoria scheme the moon 
travels 390° -r 30 = 13° per day. 
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LUNAR MONTH OF 30 DAYS 


elapsed days 

300 

BCE 

Ecliptic 

longitude 

diff. 

degrees 

minutes 

starting point 

26-03 

004° 08’ 




1 

27-03 

016° 51’ 

12° 43’ 

12 

43 

1 

28-03 

029° 46’ 

12° 55’ 

12 

55 

1 

29-03 

042° 55’ 

14° 09’ 

14 

9 

1 

30-03 

056° 20’ 

13° 25’ 

13 

25 

1 

31-03 

070° 00’ 

13° 40’ 

13 

40 

1 

01-04 

083° 56’ 

13° 57’ 

13 

57 

1 

02-04 

098° 10’ 

14° 14’ 

14 

14 

1 

03-04 

112° 41’ 

14° 31’ 

14 

31 

1 

04-04 

127° 30’ 

14° 49’ 

14 

49 

1 

05-04 

142° 34’ 

15° 05’ 

15 

5 

1 

06-04 

157° 51’ 

15° 17’ 

15 

17 

1 

07-04 

173° 14’ 

15° 23’ 

15 

23 

1 

08-04 

188° 35’ 

15° 21’ 

15 

21 

1 

09-04 

203° 45’ 

15° 10’ 

15 

10 

1 

10-04 

218° 34’ 

14° 49’ 

14 

49 

1 

11-04 

232° 59’ 

14° 25’ 

14 

25 

1 

12-04 

246° 55’ 

13° 56’ 

13 

56 

1 

13-04 

260° 22’ 

13° 27’ 

13 

27 

1 

14-04 

273° 21’ 

12° 59’ 

12 

59 

1 

15-04 

285° 59’ 

12° 38’ 

12 

38 

1 

16-04 

298° 20’ 

12° 21’ 

12 

21 

1 

17-04 

310° 32’ 

12° 12’ 

12 

12 

1 

18-04 

322° 38’ 

12° 06’ 

12 

6 

1 

19-04 

334° 47’ 

12° 09’ 

12 

9 

1 

20-04 

347° 04’ 

12° 17’ 

12 

17 

1 

21-04 

359° 31’ 

12° 27’ 

12 

27 

1 

22-04 

012° 13’ 

12° 42’ 

12 

42 

1 

23-04 

025° 11 ’ 

12° 58’ 

12 

58 

1 

24-04 

038° 26’ 

13° 15’ 

13 

15 

1 

25-04 









381 

860 

30 




395 

14,33 

o 

CO 



13,18 




New Moon 
Full Moon 


Figure 5.28 - Table showing the course of the ecliptic longitude of the moon 
in 300 BCE with a rounded average per day of 13°. 
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But the concrete reason for the rounded 13° is that the moon appears every day between 12° and 
15° higher or lower with respect to the ecliptic on the local meridian (figure 5.28). And since the 
moon has to travel 30 days according to the Babylonian schematic counting, this means 30 x 13° 
= 390°. As a mnemonic, the Babylonians also used two natural phenomena. Firstly, during the new 
moon, the sun and moon rise almost simultaneously in the eastern region and set almost equally in 
the western region. Second, at a full moon, the sun rises almost simultaneously with the setting 
moon. 


c 

o 



Figure 5.29 - Visualized representation of the 30 lunar days of month 1 from the table with the 
Dodekatemoria scheme in figure 15.27 as they are spaced 13° apart in the table. 


To provide insight into the practical operation, I have shown the day numbers of lunar month I 
(dates) mentioned in the Dodekatemoria scheme (see figure 5.27) in figure 5.29 at the positions 
indicated in the table in the zodiac. In both the table in figure 5.27 and in the visualized view in figure 
5.29, the start and end points of the orbit are indicated by a red and a black triangle, respectively. 
It can be clearly seen that the end point (black triangle) is 30° beyond the zero or starting point of 
the sign Aries of the zodiac. Flere are also the day numbers 28 (4°), 29 (17°) and 30 (30°). 
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Liz Brack-Bernsen (2004: 119, table 8) has reconstructed the complete Dodekatemoria scheme for 
the entire year from 360° with 12 lunar months. This clearly shows the pattern of the 13° repeating 
every month and the shifting of the signs of the zodiac by 1 position every month. 

This pattern of the Dodekatemoria scheme for month I is repeated in the remaining 11 months, but 
with the note that each orbit always starts 1 day later (see bottom line in table figure 5.27). 

The signs of the zodiac and the degrees from the table of the Dodekatemoria scheme from figure 
5.27, correspond one to one with the 360° movement of the sun (Brack-Bernsen 2014: 110; Steele 
2017: 74). So the 1st degree or 1st day of the sun's 360° orbit corresponds to the position of 13° in 
zodiac sign 1 (Aries) of lunar month I and day 1 from the Dodekatemoria scheme. The 2nd degree 
or 2nd day of the movement of the sun corresponds to the 2nd line of the table, namely the position 
26° in sign 1 (Aries), as also shown in figure 5.27. 

So the Dodekatemoria scheme and the degrees and day numbers of the 360° orbit of the sun can 
be put side by side in a tabular form as shown in figure 5.30. Of course, this also applies to the other 
11 months of the Dodekatemoria scheme. 


360° ZONNEJAAR 

graad 

dagnummer 

1° 

1 

2° 

2 

3° 

3 

4° 

4 

5° 

5 

6° 

6 

7° 

7 

8° 

8 

9° 

9 

10° 

10 

11° 

11 

12° 

12 

13° 

13 

14° 

14 

15° 

15 

16° 

16 

17° 

17 

18° 

18 

19° 

19 

20° 

20 

21° 

21 

22° 

22 

23° 

23 

24° 

24 

25° 

25 

26° 

26 

27° 

27 

28° 

28 

29° 

29 

30° 

30 

31° 

31 


DODEKATEMORIA SCHEMA 

nummer 

zodiakmaand 

graad 

verschil in graden 
met vorige dag 

maand 

dag 

i 

13 


l 

1 

i 

26 

13° 

l 

2 

2 

9 

13° 

l 

3 

2 

22 

13° 

l 

4 

3 

5 

13° 

l 

5 

3 

18 

13° 

l 

6 

4 

1 

13° 

l 

7 

4 

14 

13° 

l 

8 

4 

27 

13° 

l 

9 

5 

10 

13° 

l 

10 

5 

23 

13° 

l 

11 

6 

6 

13° 

l 

12 

6 

19 

13° 

l 

13 

7 

2 

13° 

l 

14 

7 

15 

13° 

l 

15 

7 

28 

13° 

l 

16 

8 

11 

13° 

l 

17 

8 

24 

13° 

l 

18 

9 

7 

13° 

l 

19 

9 

20 

13° 

l 

20 

10 

3 

13° 

l 

21 

10 

16 

13° 

l 

22 

10 

29 

13° 

l 

23 

11 

12 

13° 

l 

24 

11 

25 

13° 

l 

25 

12 

8 

13° 

l 

26 

12 

21 

13° 

l 

27 

1 

4 

13° 

l 

28 

1 

17 

13° 

l 

29 

1 

30 

13° 

[ 

30 

2 

0 

13° 

II 

0 


Figure 5.30 - On the left the table with the Dodekatemoria scheme as presented by 
Brack-Bernsen and Steele (2004: 111) and on the right the table with the 
corresponding days in the 360° orbit and 360 days of the ideal year of the sun. 
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This correspondence between the position of the moon in the zodiac and the day in the 360° or 
360-day orbit of the sun can therefore be directly translated by placing the two side by side as a 
table. In the table of figure 5.30, the Dodekatemoria scheme (from figure 5.27) is placed next to a 
table showing the first 30 days of the 360° and 360 days orbit of the ideal schematic year of the sun. 
In other words: purely arithmetically, the day of the ideal year of the sun could be determined on the 
basis of the number of the lunar month and the position of the moon in the zodiac. 

An important fact in the schematic 360-day counting method described above is that the annual 
orbit of the sun in 360° is an astronomical fact. For this circulation, however, in the method 
described above, not 365 but 360 days were used. But because every new year started again and 
again with the spring equinox, in reality 365 solar days passed. The sun also traverses the zodiac 
in 360° every year. 

The principle of the beginning of the year is schematically laid down in the Dodekatemoria scheme, 
which starts with day 1 on 0° or 360° of the solar year and with the sun and moon in conjunction at 
a position of 0° or 360° in the zodiac. On that day the sun was at about 1° in the sign of Aries and 
the moon at 13° in Aries (Brack-Bernsen and Steele 2004: 111; Steele 2018: 100; see also figure 
5.29). As a result of the precession, this was later set for the moon by the Greeks at 8° in Aries. 

An unanswered question, however, is whether the methodology discussed above was based on the 
schematic 360 solar days, but with a duration of 365 360 = 1.0138888 solar day each, or whether 

5 extra solar days were added annually, which are otherwise not mentioned anywhere. The 
seasonal points (equinoxes and solstices) are also always 90 days apart in the schematic method 
(Van der Waerden 1952-1953: 221,223; Ratzon 2016: 144-145; see also figure 5.20), so nothing is 
to conclude from that either. I think they just used the 365 solar days for the 360° orbit, with the 360 
days of the count arithmetically then having a duration of 1.0138888 solar day, so that this count 
runs neatly in the measure of the seasons. 

It is also unclear what the Babylonians did in the longer term with the schematic tuning of the spring 
equinox to the 1 st degree in Aries every new year. They indicated the equinoxes with the text “three 
minas is a daytime watch, three minas is a nighttime watch”. One mina here means a watch of 
about 4 of our hours. They called this "the day is in balance," we call it the spring or autumn 
equinox. This tuning of the equinox to the 1st degree of Aries will have gone well until between 
about 200 to 250 years, but after that it must have deviated by about 3° as a result of the precession 
(see also Van der Waerden 121-122 ). It is not clear how the Babylonians dealt with this. 

Because of the exchange of astronomical and astrological knowledge between the Babylonians 
and the Greeks, which has already been demonstrated in many ways, it is certainly not excluded 
that the ancient Greek astronomers adopted this system and used it for their measurements of the 
duration of the solar year. This also explains the evening and night observations mentioned in the 
Almagest by Ptolemy with regard to the duration of the solar year (figure 5.9). 

This method of measuring the duration in time during the dark hours between a fictional sun and a 
fixed star or group of stars is referred to by Kugler (1910: 5) as the sidereal solar year. So the return 
of the sun to the same star after a year. 

Cohen (1993: 4) aptly describes the method of measuring the year in ancient Mesopotamia: "The 
Mesopotamian year was in fact a solar year in the moon's straitjacket." 


5.11 Inconsistent use of values 

In the literature, the values of units of time are regularly compared with each other in an inconsistent 
manner. I will give as an example a quote as it was and is often used about lunar calendars and 
solar years: 
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’’The lunar year and the solar year are different things, as the solar year is the time 
of the sun’s revolution through 12 signs, that is, 365 1/4 days, while the lunar year 
contains 12 lunar months, that is, 354 days” (Thomas L. Heath 1932:136). 


There are two interesting aspects to this quote. The first is the statement that the solar year is the 
time of the rotation of the sun through the 12 signs (constellations). This further underlines that the 
365 1/4 is not the duration of the natural solar year but the calculated duration of the sun (daytime) 
by the 12 constellations (nighttime). So Heath is using the duration of the average Julian calendar 
year here. 

But this is also what Geminos mentions (see 5.6) and is very similar to the method used for the 
schematic 360-day counting of the Babylonians in which the solar day is found as a date by the 
position of the moon in the zodiac (see discussion in 5.9). 

The second aspect is that the 354 days mentioned by Heath are in fact expressed in solar days, as 
the Ancients did in Mesopotamia a few thousand years earlier. If Heath had been consistent, he 
should here have mentioned 354,367 days, also in the Western standard time. Only then have the 
two values been placed in the same system of time reckoning and can they be compared correctly. 

This is just one example out of many I have come across in the literature, on both the 19-year cycle 
and the 360-day count (see Chapter 9). This inconsistent comparison of values of different units is 
misleading to unsuspecting readers. 
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6 - The sidereal year 


Within the ancient cultures, such as those in the Middle East and Central America, it was mainly the 
priestly caste that immersed itself in the fascinating and impressive phenomena of the night sky. In 
addition to the sun during the day and the moon and planets at night, they also used prominent 
stars and star groups such as the Pleiades, Sirius, Spica, Regulus, and Orion in their systems of 
time reckoning. 



And as long as these ancient priests, and later the first astronomers, dealt exclusively with these 
stars and star groups, nothing was wrong. But as soon as they tried to make a connection between, 
for example, a star and the sun or moon, they were immediately confronted with two different 
systems of time reckoning that are not synchronized with each other. For a solar year has a different 
duration in an orbit of 360° than a sidereal year, but the Ancients did not know that in the distant 
past because they did not know the difference between a sidereal year and a solar year. 


6.1 Use of the sidereal year 

According to Otto Neugebauer (1969: 140), it was not until the time of Hipparchus (2nd century 
BCE), as mentioned by Ptolemy (2nd century CE) 400 years later in his 'Almagest 1 , that one learned 
the difference between a sidereal year and solar year. It was Hipparchus who, according to Ptolemy 
(Toomer 1984: 131, HI 92), was the first to notice a difference in duration between the natural solar 
year and the sidereal year thanks to measurements of the stars Spica and Regulus with respect to 
the autumn equinox (Pannekoek 1989: 126; North 2008: 51). 

Because in addition to the solar year and the solar calendar, the lunar calendar was also used, it is 
obvious that many observations were made in the dark hours with many stars more visible in the 
sky in ancient times than today with our air and light pollution. And history also tells us that many 
observations were made of certain prominent stars and star groups (Horowitz 1996: 37, 38). 
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6.2 Examples of stars used 

One of the best known examples of the use of a star was Sirius, known to the Egyptians as Sopdet 
and its personification as an Egyptian goddess, in ancient Egyptian spdt, which the Greeks later 
translated as Sothis. Sirius appeared (in Memphis) in July, after being invisible for 70 days, for the 
first time as a heliacal star a few degrees above the horizon shortly before the rising of the sun and 
remained visible on this day for about 15 minutes (Teije de Jong 2006: 432; see also figure 6.8). This 
moment, according to tradition, coincided with the beginning of the flood of the Nile and the 
beginning of the new year and Sirius was therefore also called by the Egyptians "bringer of the 
flood" or "opener of the year". 

With reference to the Sothis cycle, it is regularly stated in the literature that the star Sirius shifts 1/4 
day every year, increasing to a full day after 4 years. According to the same reports, a leap day 
should therefore be inserted every 4th year, as also stated in the "decree of Canopus" by King 
Ptolemy III (Wallis Budge 2014: Chapter II 18-22). But Sirius is a star and it must obey the laws of 
nature and therefore falls under the sidereal year. 

Parker (1950: 32) mentions that Sirius shifts ± 1 day over a 120-year period from the summer 
solstice due to precession, while other stars in the ecliptic shift about 1 day in 72-75 years as a 
result of the same precession. According to Tije de Jong (2006: 438), the cause of this smaller shift 
is due to the fact that Sirius is located far south of the ecliptic. 

While all the assumptions and calculations are particularly interesting, these unfortunately do not 
answer the question of what the Ancients actually saw around 2000 BCE. To visualize this, I have 
imaged the star Sirius and its shift as a heliacal star along the horizon with the astronomical 
program SkySafari 6 Pro during different periods (see figures 6.5-6.9). It is clear that the shift over 
these long periods is very slow. 

An example of a star cluster among the ancient Mexicans in Central was the Pleiades, the "Seven 
Sisters," who played an important role in the Mesoamerican time reckoning of the 52-year cycle on 
which the calendar system of the ancient Mexicans was based. For thousands of years they have 
also used the solar year with 365 solar days as the basis for their time reckoning and calendars. The 
passage of 52 years was celebrated on a large scale with the fires being extinguished everywhere, 
culminating at night with the appearance or non-appearance of the Pleiades after a certain period 
of absence. As soon as this star group reappeared, the fires were lit again. Good luck or fortune 
depended on this. And here too it was Ptolemy who stated in his "Almagest" that the Pleiades shift 
backward 1° every 100 years as a result of precession (Toomer 1984: 335). 


6.3 Duration mean sidereal year 

Because the stars and galaxies are very far away from us, they seem to be motionless. And, as with 
the sun, the apparent motion we think we see is an optical illusion and the result of the earth rotating 
both on its axis and around the sun. The earth's axis also makes a wobbly spinning motion called 
precession. The latter is further explained in Chapter 7. 

The duration of an average global sidereal year displayed in Western standard time for epoch 
2000.0 CE is 365.256363 days (365 days, 6 hours, 9 minutes, and 9.76 seconds). By the way, this 
could easily be interpreted by the Ancients and because of the inaccuracy of the measuring 
instruments at the time, as 365.25 days as the duration of a solar year. An average solar year or 
tropical year has a duration in Western clock time shown for epoch 2000.0 CE of 365.242189 days 
(365 days, 5 hours, 48 minutes and 45.2 seconds). A solar year therefore has a slightly shorter orbit 
than a sidereal year. 

The difference in duration between an mean general sidereal year and an mean solar year according 
to epoch 2000.0 CE is approximately: 
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Mean sidereal year 
Mean solar year 


365,256363 Western standard days of 24 hours 
365,242189 Western standard days of 24 hours 


Difference 


0,014174 = 20 minutes en 24,633 seconds. 


6.4 Duration Sirius year 


In the ongoing debate about the cycle and role of the star Sirius or Sothis in Egyptian chronology, 
M.F. Ingham (1969: 40) at the request of a number of eminent Egyptologists made new calculations 
regarding the duration of a Sothis year over the period 4226 BCE up to 1591 CE, totalling more than 
5800 years. In the calculations, Ingham used Memphis (Egypt) as a reference point and a changing 
arcus visionis (angle of inclination between the sun below the horizon and the heliacal star above 
the horizon) over time. This yielded the following results, expressed in Western standard time: 


Period 


mean year 


4226 BCE - 2768 BCE 3497 BCE 

2768 BCE - 1312 BCE 2040 BCE 

1312 BCE- 141 CE 586 BCE 

141 CE - 1591 CE 866 CE 


mean duration 
Sothis-year in days 
365,25051 
365,25085 
365,25126 
365,25181 


difference with previous 
period in days 
0,00585 (8m: 25,4s) 
0,00551 (7m: 56,1s) 
0,00510 (7m: 20,6s) 
0,00455 (6m: 33,1s) 


Thus, according to the above calculations of Ingham (1969: 40), the duration of an mean Sothis year 
decreased in each calculated period of ± 1450 years by between 8 and 6 minutes. 

It is clear that the duration of a Sothis year is variable and, moreover, decreases in length for each 
period mentioned. However, the duration of a Sirius year (Sothis year) differs from the duration of a 
mean sidereal year. This difference is over the last mentioned Sirius period (mean year 866 CE): 

Mean sidereal year 365,256363 Western standard days 

Mean Sirius-year 866 CE 365,25181 Western standard days 


Difference 


0,004553 = 6 minutes en 33 seconds. 


6.5 Difference between solar year and Sirius year 

Now when the duration of the mean solar year according to epoch 0.0 of 365.242310 Western 
standard days (Meeus 1992: 42) is compared with the mean Sothis year from a comparable period 
of the mean year 586 CE (Ingham 1969: 40) then is the difference: 

Mean Sirius-year epoch 586 CE 365,25126 Western standard days 

Mean solar year epoch 0.0 365,24310 Western standard days 


0,00854 = 11 minutes en 45 seconds. 

This is the best achievable result within the currently available reliable data. 

With this calculated difference of 0.00854 standard day per solar year, Sirius will need 1 -r 0.00854 
= 117.096 solar years from the summer solstice to shift 1 day in Western standard time. This 
corresponds well with the aforementioned 120 years reported by Parker (1950: 32) and Tije de Jong 
(2006: 438). 

But at the same time it means that the proposition of the shifting of the star Sirius (Sothis) by 1 day 
every 4 years is incorrect. And the cause of this is due to the incorrect statement that a natural solar 
year has 365.25 days and an Egyptian calendar year has 365 days. When the difference between 
the Sirius year and the Egyptian calendar year is measured with these incorrect data, this obviously 
incorrectly results in 0.25 days per year and 1 day per 4 years. This proposition of the 365.25 days 
originated in the period after the invasion and conquest of Egypt by Alexander the Great and the 
Greek rule, laid down in the Decree of Canopus. But the reality turns out to be different. 
Unfortunately, this became the basic of the Julian calendar. 
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What the ancient Egyptians saw happening in the period between 3000 BCE and 1 BCE with regard 
to Sirius can be visualized using an astronomical computer program such as SkySafari 6 Pro. And 
as long as no one proves that this program does not work correctly, it can be used as a tool for this 
visualization. 

This visualization is based on the island of Elephantine (Abu or Yebu) in the Nile where the first 
Temple of Satet was built around 3000 BCE and was expanded and modified over the next 3000 
years. The latitude of Elephantine is 24°04'39 ”N and the longitude 32°53’44” E. 

The starting point of the visualization is the heliacal rise of Sirius of June 18, 3000 BCE (Gregorian 
chant). For the heliacal rise of Sirius an arcus visionis (see 6.8) has been applied from + 2° to + 2.5° 
for Sirius and -7° to -7.5° for the sun (Teije de Jong 2006; Pachner 1998:129) with a total of between 
9° and 10°. 

Subsequently, at intervals of 500 years, the shift of the heliacal rise of Sirius with respect to the 
north-south axis (meridian) in an easterly direction was mapped as it could be seen looking 
southward (see figure 6.0). 



Figure 6.0 - The shift of the heliacal rise of Sirius over the period 3000 BCE to 1 CE with an arcus visionis of 
between 9° and 10°. 


The values measured during this period are shown in the table below. This clearly shows that every 
500 Gregorian years Sirius shifts an average of 4 days of Western Standard Time in an easterly 
direction. So a shift of about 1 day in the 125 years and definitely not 1 day in the 4 years as is 
stubbornly asserted and on which in the Julian calendar the duration of a solar year of 365.25 days 
is based. 


DATE 

GREGORIAN 

3000 BCE June 18 
2500 BCE June 22 
2000 BCE June 25 
1500 BCE June 29 
1000 BCE July 04 
500 BCE July 08 
1 CE July 12 


NUMBER OF DAYS 
LATER (GREG.) 

4 

3 

4 

5 
4 
4 


AZIMUTH 

(SOUTH-)EAST 

117° 40’ 34” 
115° 39’ 39” 
113°49’30” 
112° 17’ 09” 
111°02’ 49” 
109° 55’ 24” 
109°13’34” 


DIFFERENCE IN 
DEGREES 

02° 00’ 55” 

01° 50’ 09” 

01° 32’ 21” 

01°14’ 50” 

01°07’ 25” 

00° 41’ 50” 
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6.6 Vernal point as a sidereal year measuring point 

In the past, up to the early 20th century, the duration of a solar year was usually measured based 
on comparisons of measurements of the spring equinox (Meeus and Savoie 1992: 42). But the 
spring equinox actually lasts all day, so it allows for differences in the time of measurement. Since 
1959, this has been clarified by measuring the duration of a solar year over the full orbit of the sun 
measured over 360°. This short moment of measurement is called the "vernal point" in the Northern 
Hemisphere (figure 6.1) and the "autumnal point" in the Southern Hemisphere (Otto Neugebauer 
1950: 1). 

Vernal point and autumnal point are two invisible hypothetical points for the northern (vernal point) 
and southern (autumnal point) hemispheres. They are the two theoretical intersections of the 
ecliptic (sun and zodiac), celestial equator and meridian or midday line (figure 5.1; Parker 1950: 2; 
North 2008: 51-52.73; P. Neugebauer 1929: 4). For the Northern Hemisphere, the spring equinox is 
used to measure the difference between a particular star or group of stars and the sun (Parker 1950: 
2; North 2008: 51 -52.73). Of course, because no sun is visible at night, the spring equinox was used 
in ancient times as the reference point of the sun, the day on which the sun rises exactly in the east 
and sets in the west. The number of hours of daylight is then equal to the number of hours of 
darkness (see figures 4.3 and 4.4). The only question is at what time of day the measurements were 
taken. 

Figure 6.1 shows an example of the spring equinox on March 21,500 BCE (Greg.) in Alexandria, 
Egypt. Unlike the spring equinox itself, which basically lasts all day, the vernal point is only a single 
short moment during the day of the equinox, when the sun crosses the meridian. This is the exact 
moment of the 360° yearly orbit of the earth around the sun. And thus by definition much more 
accurate than the various measurement moments from the past during the day of the spring 
equinox. 


Alexandria, Egypt, March 21,500 BCE (Greg.) 

SkySafari 6 Pro 

Latitude 31° 12'56,3" Longitude 029° 57'19,0" 
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Figure 6.1 - Vernal point during spring equinox at meridian passage in Alexandria, Egypt, 500 BCE (Gr.). 

On the day of the equinox, around noon, the sun reaches its highest point on the meridian at the 

crossing of the ecliptic and celestial equator, the vernal point. The right ascension (RA) is then 

between 23h: 59m: 59.9s and OOh: 00m: 00s. Spring equinox and vernal point are therefore 

inextricably linked (figure 6.2). In modern astronomy, the hypothetical vernal point is used to 

measure the differences in distance between the sun and the stars. 
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Figure 6.2 - Principle of the intersections between ecliptic, celestial equator and meridian called 
vernal point and autumnal point. 


What does change with respect to this vernal point due to precession is the distance to the fixed 
stars that, looking south, appear to be moving eastward from this hypothetical invisible point. As a 
visualization of this process, five measurements over the period 5000 BCE - 3000 CE have been 
made in figures 6.3 to 6.7 using SkySafari 6 Pro. It can be clearly seen how the spring equinox 
stands neatly in front of us on earth, but the constellations and stars seem to move away from the 
spring equinox in an easterly direction. The constellations follow the path of the ecliptic. 

With an astronomical program it is also easy to demonstrate that the vernal point appears every 
year on approximately the same day at the same point (see figures 6.3 - 6.7). And like the 
equinoxes, the vernal and autumnal point, because of their inseparable connection with the 
equinoxes, thus remain neatly in place and certainly do not shift for us terrestrial mortals as a result 
of what is often claimed to be precessional. Because if the spring equinox were to shift, the other 
seasonal points would also shift and it would look bad for our world because that would mean that 
the earth's orbit around the sun would have changed. 
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Figure 6.3 - Vernal point in 5000 BCE (Greg.) at the intersection of ecliptic, celestial equator and 
meridian in constellation Gemini (Sirius in yellow circle). 



Figure 6.4 - Vernal point in 3000 BCE (Greg.) at the intersection of ecliptic, celestial equator and 
meridian, due to precession now in constellation Taurus (Sirius in yellow circle). 
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Figure 6.5 - Vernal point in 1000 BCE (Greg.) at the intersection of ecliptic, celestial equator and 
meridian, due to precession now in constellation Aries (Sirius in yellow circle). 
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Figure 6.6 - Vernal point in 1000 CE (Greg.) at the intersection of ecliptic, celestial equator and 
meridian, due to precession now in constellation Pisces (Sirius in yellow circle). 
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Figure 6.7 - Vernal point in 3000 CE (Greg.) at the intersection of ecliptic, celestial equator and 
meridian, due to near future precession in constellation Aquarius (lower left Sirius in yellow circle). 


From these five screenshots (figures 6.3-6.7) for the period from 5000 BCE to 3000 CE, with breaks 
of 2000 years of 365 solar days each, it is clear that the spring equinox and the vernal point between 
March 22 and 21 (Gregorian dates) remain neatly in place for us as earthlings. Flowever, it are the 
stars and star groups (constellations) that seemingly as seen from the sun in the spring equinox, 
move to the left in an easterly direction, seen from a southern viewing direction. Currently, in 2020 
CE, the constellation of Pisces is in the spring equinox (figure 6.6). Also notice the bright star Sirius, 
within the yellow circle, and the way it moves left and down (below the horizon) during these 8,000 
years. 

6.7 Heliacal rise of stars 

Often stars were used as a measuring point for a festivity, sacred event or the beginning of a certain 
period. The heliacal rise of a star was usually used for this. This is the appearance of a particular 
star just before sunrise and just above the still dark horizon. Sirius is a wonderful example of this 
(figure 6.8). 

6.8 First visibility heliacal stars 

To be able to observe the heliacal rise of a particular star shortly before sunrise, the circumstances 
must be favourable and meet a number of conditions. In addition to a clear sky, a good view of the 
horizon and a good pair of eyes, the ratio between the vertical distance of the sun below the horizon 
and the moment of the first appearance of the star above the horizon must also be correct. This 
distance is called the arcus visionis. For Egypt, depending on humidity, atmospheric conditions and 
eye sensitivity, this distance is between 8.0° and 9.3° near drier Memphis, and around 10.7° in more 
humid Alexandria (Teije de Young 2006). Pachner (1998: 129) gives for Egypt as arcus visionis a 
value between 8.7° and 10.5°. 
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Figure 6.8 - Principle of the arcus visionis elaborated for the heliacal rise of the star Sirius during the summer 
solstice in Luxor, Egypt in 2014 BCE (Greg.). The total arcus visionis here is 10° 05 "16.7". 


Figure 6.8 shows a heliacal rise of the star Sirius in the year 2014 BCE in Luxor, Egypt, using the 
SkySafari 6 Pro astronomical computer program. There are, of course, several other factors that 
can play a role in the moment of actual visibility of a star emerging shortly before sunrise, such as 
dust after sand storms. 

From the foregoing it is clear that the still prevailing view that because every year is a quarter of a 
day out of step with the solar year, so one day should be inserted every four years, is a persistent 
fable. While it is very easy to prove with the aid of an astronomical computer program that this 
assumption is not correct, which is exactly what has been shown above. So Sirius has been a very 
reliable messenger of the coming of the new year to the Egyptians for a very long period. 

The ancient Egyptians and Babylonians used the comings and goings of heliacal stars on the 
eastern horizon to record certain moments in time. A selection of 36 well-recognizable stars was 
used for this. For each month of 30 days and every 10 days a different star or star group. So 3 
different stars for every 30 days that were also linked to 1 of the 12 zodiac signs. Every 10 days a 
particular star called decans by the ancient Greeks. The word decan comes from the Greek word 
decanon, which means "commander often." This was later called the star clock, diagonal calendar 
or astrolabe (Neugebauer 1969: 83; Kolev 2013: 5-11). 

At the time when the supposed length of the solar year of 365.25 days saw the light of day, no 
distinction was made between the solar, sidereal or anomalistic year. Several examples can be 
found in the ancient literature showing that the solar year was measured with the help of certain 
stars in relation to for example the perihelion or aphelion of the earth because these stars were 
apparently assumed to have a fixed place in the starry sky (Chabas and Goldstein 2003: 140). So 
what actually happened here was measuring the anomalistic year (see 4.10) under the assumption 
that this was the solar year. And so the solar year came to life with 365.25 days. 
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7 Precession 


Because the earth's axis is tilted, the earth makes a spinning motion. A complete orbit of this 
spinning movement is approximately 25,678 years (figure 7.1) and is called precession. As a result 
of this tilt of the earth's axis, it seems to us on earth as if the starry sky changes over time relative 
to a certain point on earth. In astronomy, the vernal point is used for this point during the spring 
equinox. Strangely enough, many authors then state that the spring equinox shifts with respect to 
the starry sky over time. This suggests that it is the spring equinox that is shifting when viewed from 
earth, while optically it is the starry sky that is shifting. And then why mention only the vernal point 
during the spring equinox and not speak of all the seasonal points which then shift along with the 
vernal point in the same way. 



Figure 7.1 - Principle of precession caused by 
the spinning motion of the earth's axis. The top 
circle is the ± 25,678 year precession cycle. 


7.1 Cause of precession 

The combination of the earth rotating on its axis and the earth's axis tilted around 23.5° (Figure 7.1) 
creates a kind of spinning motion. And anyone who has ever played with a top in his or her youth 
will undoubtedly know the sloping top as soon as the speed of the top slows down. 

The same wobbly spinning motion also makes our earth's axis (figure 7.1). We do not notice this at 
all in daily life. But when looking at a certain star every year from a fixed point on earth on a fixed 
day, after long-term observation it will appear that this star did not remain in the same place in the 
sky but apparently shifted in the sky with respect to this fixed observation point on earth (see figures 
6.3-6.7). This shift is called precession and is expressed as the duration of a sidereal year. 
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Precession is therefore a direct result of the spinning motion of the earth's axis with respect to the 
starry sky. It has nothing to do with the relationship between the sun and the earth from which the 
solid, man-made equinoxes and solstices arise. In fact, the spinning motion of the earth's axis is 
mirrored on the celestial sphere, making it appear visually as if the stars are shifting relative to the 
earth's axis. So the equinoxes and solstices related to the sun and earth remain neatly in their 
earthly position with respect to the observer. 

The shifting of the equinoxes as it is regularly mentioned in the literature therefore quickly leads to 
an incorrect interpretation. We should not think that the equinoxes would actually shift because 
then we would no longer have fixed seasons and spring would begin in the winter months. 
Moreover, the many monuments, temples, and buildings aligned on the equinoxes and solstices 
attest to the opposite, for their alignment to the same equinoxes and solstices still exists after 
thousands of years. The only thing that apparently shifts in an elliptical orbit is the starry sky relative 
to a fixed point on earth in the shape of the vernal point during the spring equinox (see figures 6.5- 
6.9). In reality it is of course about the precession of the earth's axis with respect to the starry sky. 
It is only because the spring equinox was previously used to measure this shift that the spring 
equinox and vernal point shift theorem arose. 

It will take about 25,678 years for a particular star, galaxy, or constellation to return to exactly the 
same place in the sky during the nightly hours of the day of the spring equinox. Incidentally, the 
degree of shift of the earth's axis with respect to the starry sky is measured with the help of the 
vernal point during the spring equinox. 


7.2 Precession cycle 

In general, the length of the 360° precession cycle is described in the literature as approximately 
26,000 years (Neugebauer 1950: 1; Aveni 1980: 102; Krupp 1994: 10). But meanwhile, new 
calculations by J. Laskar et al. (1993) have shown that the average duration of the precession cycle 
is 25,678 years in Western standard time. During this period the complete zodiac with the 12 
constellations (zodiac signs) passes the earth's axis and with it the earthly point of the spring 
equinox (see also figures 6.3-7.7). 



Figure 7.2 - Starry sky seen from a fixed point with the North Star in the center as the central star. This 
apparently daily spinning of the stars is an optical illusion because it is the earth itself that spins. 
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The new calculations of J. Lasker et al. (1993) determined the length of the precession cycle for a 
number of years and periods: in year 1 CE at 25,946 years, in year 1000 CE at 25,846 years, in year 
2000 CE at 26,150 years and in year 2017 CE at 25,678 years. Over the past 2000 years, this is an 
average of 25,859 years. 

If we take the average precession cycle over 360° of 25,678 years, then the precession for 1° is 
25,678 -r 360 = 71.33 years. In 1 precession cycle, the zodiac of 12 constellations known to us 
revolves completely once. As a result, the constellation with the pole star changes every 360° -r 12 
= 30°. Calculated in Western standard time, due to the precession, another constellation will appear 
in the vernal equinox every 25,678 -r 360 = 71.33 x 30° = 2139.83 years (see as examples the 
images 6.3-6.7). In 1980 CE it was the constellation of Pisces (figure 6.6), but in 2700 CE it will be 
the constellation of Aquarius (Aveni 1980: 103; figure 6.7). It is remarkable that this again refers to 
the earth's axis. 


7.3 Change in duration of precession cycle 

The rotation speed of the earth is slowly decreasing, so that the duration of the solar year is 
currently decreasing by 0.53 seconds per century (Meeus 1992: 42). When comparing the duration 
of a solar year and a sidereal year, the reference or epoch of the solar year and sidereal year used 
must therefore always be stated in order to avoid calculations with deviating data. 
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8 Western calendar structure 


To understand the structure and operation of our current Western time reckoning and calendar, we 
must go back to the origins of this calendar: Gaius Julius Caesar, politician, general, writer, 
appointed dictator by the Roman senate in 48 BCE, but also spiritual father of our current system 
of time reckoning. 


8.1 Spiritual father Western calendar 

In the time of Julius Caesar, the Roman lunar calendar had 
become a mess for all sorts of reasons and was 67 days behind 
the summer solstice. Caesar was well aware of this. During his 
field campaign to seize Pompey, a traitor and his archenemy in 
Caesar's eyes, Caesar even had to go to Alexandria in Egypt, 
where Pompey had taken refuge. 

The then ruler of Egypt, 12-year-old Ptolemy XIII, thought he 
could gain Caesar's favour by having Pompey killed. However, 
this was considered a despicable act by Caesar and so he took 
Alexandria where he had an affair with Cleopatra, the sister and 
wife of 12-year-old Ptolemy XIII. And it was here and at that point 
in history that the first ideas for the birth of our present calendar 
and time reckoning began to develop. 


Founded in about 330 BCE by Alexander the Great, Alexandria was a large city, with over 400,000 
inhabitants, where many cultures came together. In the time of Julius Caesar, this city was the most 
important international centre of culture, knowledge and learning and had a large library with 
between 400,000 and 900,000 scrolls. After the conquest of Egypt by Alexander the Great, large 
communities of Greeks emerged that fully integrated into what was then Egypt. After Alexander's 
death in 323 BCE, Ptolemy, a bodyguard to one of the generals of Alexander's army, became the 
ruler of Egypt and called himself Ptolemy I. This began the Ptolemy dynasty that lasted until the 
conquest by Julius Caesar in 44 BCE. 

It was Ptolemy III Euergetes who issued Canopus's decree in 238 BCE stipulating that an extra day 
should be added every four years to the Egyptian solar year of 365 days. It was then assumed that 
in order for the Egyptian New Year's Day to coincide with the heliacal rise of the sacred star Sirius, 
the duration of a year must be 365 1/4 days (Wallis Budge 1904, Chapter 1). The original calendar 
of the Egyptians had 12 months of 30 days with a short period of 5 holy days at the end. The decree 
stipulated that once every four years this short period should have not 5 but 6 holy days. This is 
called the Alexandrian calendar, which is a variant of the Egyptian calendar of 365 solar days, but 
with a leap day. Actually a transitional form to the Julian calendar. 

It was in the Alexandria knowledge centre that Caesar came into contact with this Alexandrian 
calendar about which he obtained extensive information. Caesar was very impressed with this 
calendar, calling it "the only intelligent calendar in the history of mankind." At a party, Caesar spoke 
to a wise man named Acoreus and expressed his wish to create a perfect calendar. It was probably 
this Acoreus who informed Julius Caesar about the structure and working of this Greco-Egyptian 
calendar. When Caesar returned to Rome in 46 BCE, he immediately consulted his Greek advisor 
and astronomer Sosigenes (Parker 1987: 13; Bennett 2003: 230), from the Alexandria knowledge 
centre, with a request to convert the existing Roman lunar calendar into a model according to the 
Alexandrian calendar. 
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And this led to a completely renewed calendar, made up of knowledge and wishes from all kinds of 
cultures. This calendar was proclaimed the new and official Roman calendar by order of Julius 
Caesar in 45 BCE, and then called the Julian calendar. Caesar, however, did not enjoy this calendar 
named after him for long, because the following year, in 44 BCE, he was killed by many stabs of 
knife in the Roman Senate. 


8.2 Multicultural structure 

What Caesar never knew, or could not have known, is that the foundation and structure of his 
brainchild, the renewed Roman calendar and named after Julius Caesar the Julian calendar, with 
some interim adjustments up to the present day, so after more than 2000 years, would still be used. 
In fact, it has become the basis of the international standard of timekeeping. However, as 
mentioned earlier, this Julian calendar is a mixture of knowledge and wishes brought in by different 
cultures. In fact, it is the only functional multicultural calendar that humanity has ever produced and 
will be explained further below. 


8.3 Egyptian foundation 

Since 2300 BCE, the Egyptians have used a calendar based on the natural solar year of 365 solar 
days. The three agricultural seasons of the Nile were used as the basic structure, with each season 
consisting of 4 months of 30 days each. So in total 12 months of 30 days, together 360 days. Each 
month was further divided into 3 periods of 10 days (figure 8.1). Immediately following these 12 
months, another 5 day period was devoted to the celebration and worship of the five main Egyptian 
gods. 
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Figure 8.1 - Structure Egyptian solar calendar as it existed for thousands of years. 


8.4 Distribution in hours 

A day in this Egyptian calendar was divided into 24 parts, which were originally not of equal length 
but depending on the seasons. These parts are therefore also referred to as “seasonal hours”. Of 
these, 11 parts were for daylight, 11 parts for the nighttime hours, 1 part for twilight between 
daylight and night and 1 part for twilight between night and daylight. The ratio of the light and dark 
parts differed per season (see figure 3.4). 

In the theoretical works of Hellenistic astronomy (Neugebauer 1969: 81) these 24 unequal hours 
were replaced by 24 hours of constant length and are therefore also called the "equinoctial hours", 
similar to our western standard hours. This is because during an equinox day and night have the 
same duration and thus also the 24 parts (see figure 3.9). The Babylonians had further divided their 
units into what we now call minutes and seconds. Incidentally, we owe the names hours, minutes 
and seconds to the Greeks. 
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8.5 Roman naming 

The original Roman calendar was, in fact, a 12-month lunar calendar of 28, 29, or 31 days for a total 
of 355 days. The original Roman year began with 1 Martius (March) and ended on the last day of 
December (December). This last month was variable in duration due to the desired alignment with 
the seasons of the solar year. The period between December 31 and March 1, the winter months, 
was apparently not counted. Later, two extra months were added, Januaryus with 29 days and 
Februaryus with 28 days. 

The loss of days compared to the solar year was compensated by inserting a thirteenth month at 
certain times, the so-called "intercalaris". In fact, a separate group of people had been appointed 
to calculate when and how many days to insert or remove to keep the calendar in line with the 
seasons marked by the equinoxes and solstices. Because this was not always applied correctly, the 
Roman years sometimes counted 377 or 378 days, with the result that the calendar in the period of 
Julius Caesar was more than 2 months behind the seasons of the solar year. 

Although the old Roman calendar structure was completely discarded and replaced by the Julian 
solar calendar, however, the names of the months and days were maintained. Thanks to the 
influence of astronomers and the then Christian Church, the order of the months and the number 
of days per month was changed. The best solution was to start the year on January 1. And as a 
tribute to Julius Caesar, the old Roman name of the month Quintilis was changed to Julius and was 
given 31 days. We know this month as July. 


8.6 The Hellenistic length of the year 

The duration of one year is believed to have been taken from reports of measurements by Greek 
astronomers such as Meton, Kallippos, Hipparchus and Geminos. Perhaps in conjunction with 
Canopus's decree issued in 238 BCE under the name of the Greek ruler Ptolemy III Euergetes and 
king of Egypt. It was then mistakenly assumed that in order for the Egyptian New Year's Day to 
coincide with the heliacal rise of the sacred star Sirius, the duration of a year had to be 365 1 /4 days 
(Wallis Budge 1904, Chapter 1). Also, according to this decree, a day had to be inserted every 4th 
year. Incidentally, this decree was never adopted and implemented by the native Egyptians 
themselves. It was not until 45 BCE that this calendar form was given a second chance when the 
Roman emperor Julius Ceasar this calendar introduced in a new form. 

8.7 Contribution of the Christian Church 

The Christian Church also wanted this new calendar to meet one of their most important 
requirements: to be able to determine quickly and correctly the celebration of Easter. According to 
the church, Easter always falls on the 1st Sunday after the 1st full moon after the spring equinox. 
So the spring equinox, as a determining factor and as a fixed starting point of the spring season, 
had to be given a prominent place in the new calendar. But the Julian calendar was also used to 
determine the dates of other Christian holidays. Hence, the church attached great importance to 
the calendar. 

8.8 Birth of the Julian calendar 

The above-mentioned ingredients from the different cultures were forged into a whole, which 
eventually led to the so-called Julian calendar. This calendar consisted of 12 months of 28, 30, or 
31 days, weeks of 7 days, which was again of great significance to the Jews, and days of 24 equal 
units called hours with each unit further divided into 60 smaller units. For one year, the duration of 
365 5/19 days calculated by the Greeks a few centuries earlier was used, which for convenience 
was rounded to 365 1/4 or 365.25 days. The duration of a complete orbit of the Julian calendar is 
4 years. 
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Because working with fractions in a calendar is not really useful in practice, the standard year was 
set to 365 rounded days. Because of the choice of a solar year of 365.25 days, this meant that the 
Julian calendar was 0.25 days behind the solar year every year. On this basis, a leap day had to be 
inserted every 4th year to catch up every 4 x 0.25 day. It was believed that this had created the 
perfect calendar. But unfortunately, things turned out somewhat differently. 

Due to a misunderstanding, instead of every 4th year, a leap day was inserted every 3rd year in the 
beginning. It may be clear that this time reckoning quickly became out of step with the four 
seasons. After this misinterpretation, Gaius Octavius, the heir to Julius Caesar and appointed by 
the Roman senate as Emperor Augustus (the Exalted) in 27 BCE, had this error corrected in 25 BCE 
on the basis of the decree of Canopus, inserting it every 4th year of a leap day was reinstated. 

Emperor Augustus took the opportunity to assign his own name to one of the 12 months, so that in 
addition to July of Julius Caesar, we also know an August of Emperor Augustus, both with 31 days. 
This corrected calendar was finally officially introduced in 8 CE and was adopted throughout Egypt 
around 26 CE. 

But this calendar really became known as the Julian calendar, the brainchild of Julius Caesar, which 
gradually spread throughout the Roman and Catholic world and eventually, in modified form, 
conquered the world and became the foundation upon which our current calendar and time 
reckoning was built. Depuydt (1997: 13) states that this calendar is exactly the ordinary Egyptian 
calendar but with a leap day. 


8.9 From Julian to Gregorian 

It is precisely because of this experience that a revised base could be made based on a period of 
400 years during which a total of only 97 instead of 100 leap days had to be introduced. For the 
duration of an average Western year, the solar year duration of 365.242546 Western days from the 
Alfonsine Tables from 1252 CE was used (Meeus 1992: 41). This eventually became the well-known 
formula 460.097 / 400 days = 365.2425 days that we now use for the artificial Western or Gregorian 
calendar and has now become our mean standard year. Only the duration mentioned in the 
Alfonsine Tables was that of the anomalistic year with a duration of 365.259636 days (365d: 6h: 
13m: 52s) and almost equal to the star year (Neugebauer 1962: 264, 266). The measurements for 
this were based on the relationship between the sun and the fixed stars. 

This improved version of the Julian calendar was submitted for approval to the Council of Trent 
(1545 - 1563) and adopted there. Pope Gregory XII introduced this modified calendar by decree on 
February 24, 1582 as the papal law “Inter Gravissimas”. Obviously, this revised Julian calendar was 
given the name of the Pope and henceforth called the Gregorian calendar. 

When this Gregorian calendar was introduced on October 4, 1582, 10 days were skipped to return 
the spring equinox to March 21. But the weekdays continued without interruption because after 
Thursday, October 4, 1582, followed Friday, October 15, 1582. And this Gregorian calendar, which 
originated from the Julian calendar, we still use to this day and has now become a standard 
calendar for the most part of the current world. 


8.10 Rules for leap days Gregorian calendar 

For the division of the 97 leap days in the Gregorian calendar, a number of rules were drawn up that 

determine when exactly a leap day should be inserted. These rules still apply to this day: 

- a year that is divisible by 4 without remainder and is not a centurial year is a leap year (such as the 
years 1604, 1840, and 2024); 

- a centurial year that is divisible by 400 without remainder is a leap year (for example, the centurial 
years 1600, 2000 and 2400), all other centurial years are not leap years (for example, the centurial 
years 1700, 1800, 1900, 2100, 2200 and 2300). 
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For the sake of convenience, this Gregorian calendar is further referred to as the Western calendar 
or Western time reckoning. 


BASIC STRUCTURE GREGORIAN TIME RECKONING OVER 400 YEARS 


303 x 
97 x 


^_ Western time GMT is 365 days, 0 hours, 0 minutes and 0 seconds _^ 


GREGORIAN STANDARD YEAR OF 365 DAYS 


GREGORIAN LEAP YEAR OF 366 DAYS 


<T 


Western time GMT is 366 days, 0 hours, 0 minutes and 0 seconds 


T> 


Figure 8.2 - Basic structure with the distribution of the years with 365 and 366 days of the Gregorian or 
Western time reckoning over the period of 400 years. 


8.11 Introduction of mean time 

The invention by Christiaan Huygens in the 17th century of the pendulum clock was the 
breakthrough for accurately measuring hours, minutes and seconds. The second was determined 
as 1/86400 part of a solar day with 24 hours at 60 minutes per hour and 60 seconds per minute. 

Thanks to this smoothly running timepiece, it was also discovered after a while that the duration of 
the solar day varies during the year. Because the orbital speed of the earth around the sun is not 
the same, the solar time varies. This is because the orbit is elliptical, so Kepler's second law holds. 
Noon, when the sun is at its highest point, was previously used as a benchmark for the timepieces. 
The problem, however, was that the time between these highs is not completely constant 
throughout the year. The length of a solar day can deviate from the 24 hours by a maximum of 15 
to 16 minutes. Measured with a smoothly running clock, the passage at this highest point can be a 
maximum of fifteen minutes earlier or later. 

Therefore, an average period of 365 x 24 mean hours was set from the end of the eighteenth 
century. For this, the mean sun was introduced with mean solar time or mean time. The difference 
between true time and mean time is the equation of time. This way the clocks no longer had to be 
continuously adjusted. The alignment is still simple, with a time equation table showing the 
deviation between mean time and real time for each day of the year. The table could be made by 
an observatory by comparing the highest point with star transits, which are regular. 

The table is the same for the whole world, and also forever, at least for solar calendars. So limited 
to the Jewish lunisolar calendar, and not at all to the Islamic moon calendar. 


8.12 Transition to world standard time 

After a standard time was established in each country, it became necessary to introduce a world 
standard time. During a number of geodetic conferences, different countries presented ideas about 
the location of the zero meridian and what time should become standard time. In 1884, at the Prime 
Meridian Conference in Washington, it was decided that Greenwich would become the spatial and 
temporal centre of the world. The reasons for this were that for nautical charts the zero meridian ran 
across Greenwich and the time at sea had been Greenwich's for centuries. The time associated 
with the Greenwich meridian is Greenwich Mean Time (GMT). 
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Time zones were introduced to stay as close to local mean time as possible. Universal Time (UT), 
based on GMT, was introduced in 1928. The polar movement appeared to ensure that this time was 
not the same all over the world. A corrected time was entered, UT1. The other, derived from 
astronomical observations, was renamed UTO. With the advent of accurate quartz clocks, there 
appeared to be a worldwide seasonal variation, partly caused by air and water movements. 

The time corrected for this was UT2. Today it is hardly used anymore because the earth's rotation 
turned out to be too irregular. As a result, the focus was on the tropical year from which the 
ephemeris time could be determined. Although it is uniform, it is also difficult to determine. 

The introduction of the atomic clock in 1955 made it possible to introduce the international atomic 
time (TAI). The second was no longer defined as a fixed part of the day, but as the transition 
between the two hyperfine energy levels of the ground state of a 133 cesium atom at rest at a 
temperature of 0° Kelvin. TAI does not coincide with UT and therefore UTC was introduced. UTC is 
regularly corrected to keep it within a second difference from UT1. UTC and TAI are therefore 
increasingly diverging. 

In the meantime, it is technically possible to have the clocks in the world synchronized to a 
minimum of fractions of a second by the Global Positioning System (GPS). This system works on 
the basis of transit time measurement and has an accuracy of the order of a few tens of 
nanoseconds. For daily use within Europe, an accuracy of several tens of milliseconds can be 
achieved with a simple and inexpensive DCF77 receiver. For the internet and other computer 
networks there is the Network Time Protocol with which computer clocks can be synchronized. 

The pinnacle of timekeeping precision right now, however, is the atomic clock called Yb-2 in 
Andrew Ludlow's lab in Boulder, Colorado, USA. This atomic clock has an accuracy of 1 second 
deviation in 20 billion years (Nuwer, 2020). 
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9 Western time reckoning 

In the previous chapters, the origins, basic elements and natural influences that served as the 
foundation for the ultimate structure and operation of our current system of time reckoning have 
been discussed in outline. The literature clearly shows that not everyone is familiar with the 
structure and operation of this Western system of time reckoning. Reason to go into this in more 
detail. In this discussion, a clear distinction will be made between the current Western standard time 
and natural solar time. Two units of time that have everything to do with each other but cannot be 
directly compared with each other because of the difference in the duration of a day discussed 
earlier. 

9.1 Solar year as foundation 

Our current Western system of time reckoning has only one primary purpose: to keep pace with the 
four seasons of the natural solar year. What is sometimes forgotten is that the solar year is the 
foundation, the standard of time, on which our Western system of time reckoning is built. As 
mentioned in the discussion of the day in Chapter 3, the days have gradually been rounded up to 
whole numbers without fractions throughout history because they are easier to handle in a calendar 
and in calculations. Over time, the solar day has been transformed into a slightly shorter, artificial, 
mean standard day of 24 hours at 60 minutes per hour and 60 seconds per minute. In fact a human 
invention to transform the irregular solar day into the regular Western standard day of exactly 24 
hours. We have now reached the point where standard time is determined by the extremely 
accurate vibrations of an atom that are periodically measured by highly advanced measuring 
instruments and, if necessary, synchronized with solar time by inserting a leap second. But however 
ingenious this may be, it is the sun that remains the standard of time for humans on earth because 
of the seasons. 

Our current Western standard year, officially called the Gregorian calendar year, at first glance 
seems like simplicity itself. But this is only an outward appearance. Most people know the Western 
year as the paper or digital annual calendar or diary. It is often assumed that our current Western 
year consists of three years of 365 standard days each with an inserted leap day every fourth year 
and thus a year of 366 days. Together they form a 4 year cycle with a total of 1461 days of 24 hours. 
The addition of a leap day to a standard year of 365 days is done according to a number of 
established rules mentioned earlier (see 8.10). However, according to the same rules, this must be 
skipped three times. 


9.2 Differences in the duration of the year 

It has been established that the solar year was, is and remains the standard of time. An inescapable 
fact is that a solar year has had 365 solar days for a long time, usually divided into four seasons. 
When designing the structure of the Western or Gregorian system of time reckoning, it was 
determined in 1582 CE that to keep pace with the solar year, an orbital period of 400 solar years is 
required. A period of 400 solar years has a total of 400 x 365 = 146,000 solar days, which has 
become the basis for the duration of the Western system of time reckoning (figure 9.1). In Chapter 
4 we saw that an mean solar year measured in Western standard time based on epoch 2000.0 has 
a duration of 365.242189 Western standard days of 24 hours (see 4.5). 

Using the period of 400 solar years as a starting point and the desire to use days without fractions 
and neatly rounded to 24 hours, it has been calculated how many such days are approximately 
equal in duration to the 400 solar years. This resulted in 146,097 days, which meant that the 
Western standard year also had to be 365 days, so also 146,000 days, but with 97 extra days as 
leap days that had to be evenly distributed over the 400 years. These became the 97 years of 366 
days determined according to the aforementioned rules (see 8.10). 
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The duration of an average Western year in the established orbit of 400 solar years thus comes to 
146,097 -r 400 = 365.2425 Western standard days. Assuming a solar year according to epoch 
2000.0, 400 solar years converted to the Western standard time have 400 x 365.242189 = 
146,096.8756 standard days. Over the total orbit, the Western system of time reckoning is in 
duration then 146,097 - 146,096.8756 = 0.1244 days longer than 400 solar years. Converted this is 
2 hours, 59 minutes and 8.16 seconds Western standard time. But due to all kinds of fluctuations 
in the natural processes, this difference in the circulation of the 400 years is completely or largely 
compensated. Intriguingly, clever minds invented all of this in the 16th century CE, after which it was 
introduced as the Gregorian calendar in October 1582 CE. 



200 


ORBIT 400 SOLAR YEARS 

one solar year has 365 solar days; 400 
solar years have 400 x 365 = 146,000 
solar days 

converted in the Western system of time 
reckoning, an mean solar year according to 
-100 epoch 2000.0 has a duration of 

365.242189 standard days; over 400 years 
the duration will be 400 x 365.242189 = 
146,096.8756 Western standard days 

the duration of 1 mean solar day is 
146,096.8756 4-146,000 = 1.00066335315 
Western standard day (= 24 hours and 
57.3291 sec.) 




Figure 9.1 - Duration of the orbit of 400 solar years in Western standard time. 



ORBIT 400 WESTERN YEARS 

an Western standard year has 365 standard 
days of 24 hours; a leap day is inserted 97 
times in 400 years 

the total duration over 400 years is 400 x 365 
+ 97 = 146,097 Western standard days of 
exactly 24 hours 


Figure 9.2 - Duration of the orbit of 400 Western years in Western standard time. 


9.3 Differences in the duration of the day 

In the orbit of 400 solar years, all 146,097 Western standard days always have a duration of exactly 
24 hours (figure 9.2). In Chapter 4 we saw that an average solar year based on epoch 2000.0 
converted into Western standard time has an mean duration of 365.242189 days. So 400 solar 
years converted to Western standard time have a total mean duration of 400 x 365.242189 = 
146,096.8756 standard days (figure 9.1). 
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This equals 146,079 standard days. This means that the average duration of a Western standard 
year is 146,097 400 = 365.2425 standard days. For the same 400 years, the sun needs 146,000 

solar days. This means that an average solar day has a duration of 146,096.8756 -r 146,000 = 
1.00066335315 days. This is converted 57.3291 seconds more than an average Western standard 
day of 24 hours. This does not seem like much, but over longer periods it increases considerably. 

The structure and operation of the Western or Gregorian system of time reckoning, established in 
1582 CE, thus proves convincingly that only with the help of this Western system of time reckoning 
an mean year of 365.242189 standard days according to epoch 2000.0 can be compiled that is 
almost equal in duration to a solar year of 365 solar days. This Western or Gregorian system of time 
reckoning proves inversely that it can only work with a solar year of 365 solar days. 


9.4 Checking with astronomical program 

The above is mainly a theoretical and arithmetic approach, but can easily be tested against reality 
with the help of an astronomical computer program such as SkySafari 6 Pro. For this I performed a 
measurement over the period 2000 CE - 2400 CE. The starting date was the summer solstice of 
June 21, 2000 CE at the time of 11am: 56m: 50s AM at the Cairo location in Egypt (latitude 
30°03'45.5"N and longitude 031 o 14'58.8"E). The azimuth is 180°01\ the altitude 83°22’35.3" and 
JD 2451716.914468. Times and dates are in Western or Gregorian standard time. 

From the starting point June 21,2000 CE I continued the time scale exactly 400 Gregorian calendar 
years of 365 days of 24 of hours and arrived at the date March 16, 2400 CE, time 11 h: 56m: 50s 
PM, an azimuth of 176°58'14.9” and an altitude of 58°23'18.8” with JD 2597716.914468. In JD, the 
difference between these two dates is exactly 146,000 Western or Gregorian standard days. 
Although exactly 400 Gregorian years of 365 days have passed, this measurement showed that the 
sun had not yet returned to the above-mentioned starting point and also the end point of the 
summer solstice on June 21,2400 CE. 

I then continued the system time (Gregorian) until the sun reached the point of the summer solstice 
of June 21, 2400 CE at time 11am: 57m: 47s AM. The azimuth is now 180°00’ and the altitude is 
83°19’32.9” (in 2000 CE it was 83°22’35.3”) with JD 2597813.915150. The difference in JD is now 
exactly 146,097 days and 58.9 seconds, so equal to the duration in Western standard time of the 
orbit of 400 Gregorian calendar years of 365 days plus the 97 leap days. And after exactly 400 
mean solar years of 360°, the sun has returned to the starting point of the summer solstice of June 
21. So despite the fact that both types of years belong to different systems of time reckoning and 
have different numbers of days, they are almost identical in duration of Western time reckoning. 
And from the above it can be deduced that the difference in number of days is caused by the 
difference in duration between an mean natural solar day and the duration of an mean artificial 
Western standard day. An mostly forgotten fact. 

The use of the astronomical Julian day (JD) makes it possible to quickly count the number of days 
elapsed between different events. The principle of the JD is to count elapsed days only at 12:00 
noon based on International Universal Time (UTC). This is the international standard time on which 
the Western system of time reckoning is based today. So working with the Julian day (JD) is working 
with the Western or Gregorian system of time reckoning, as shown in the example described above. 

Also with the help of an astronomical computer program, the structure and operation of the Western 
or Gregorian system of time reckoning with an average duration of 365.2425 standard days 
(according to epoch 2000.0) per year appears to be almost equal to the duration of an mean solar 
year of 365 solar days, with a duration of 365.242189 days Western standard time. This also proves 
that the Western system of time reckoning is based entirely on an mean solar year of 365 solar days. 
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9.5 Time jumping 

Although the solar days and thus the solar years have small irregularities in duration according to 
our earthly measuring instruments, they run very smoothly in the count. After 365 solar days, the 
earth has completed a full 360° orbit around the sun and has returned to the starting point to begin 
the next orbit. A perfect rhythm for counting days, sunrises or sunsets. 

This is very different for our current Western system of time reckoning. In principle, this system also 
uses 365 days a year. However, these 365 standard days have a duration of exactly 24 hours 
without fractions, while solar days have a slightly irregular duration. And therefore, as described 
above, the mean duration of a solar year is about 0.242189 days (5 hours, 48 minutes, and 45.129 
seconds) longer than a Western year with 365 days of 24 hours. This is the reason that in the 
Western system, 97 leap days of 24 hours are added to keep roughly in time with the mean duration 
of a solar year. We do this in the form of inserting 97x of a day according to fixed rules. 

As a result of this chosen Western system of time reckoning, its course with respect to solar time is 
very irregular and sometimes even jumps considerably. Figure 9.3 shows the relationship in duration 
between 4 years solar time and 4 years Western standard time. This standard time is based on the 
Gregorian calendar introduced in October 1582. So in October 1982 the first calendar orbit of 400 
years was completed and the second orbit started. This second orbit ends in October 2382, after 
which the next orbit of 400 years will start again. 

In order to provide insight into the course of the days and time over those 400 years, I have 
developed three examples for the arbitrary period 2000-2400 CE. This concerns first of all the most 
common circulation of 4 years, of which 3 years of 365 days and 1 year of 366 days. After that, a 
period of 40 (10 x 4) years was worked out and finally the entire period of 400 (10 x 40) years. 


Time difference after 1 orbit of 4 years according to Western time reckoning 

365 solar days = 365.242189 Western standard days 


1 orbit of 4 Western standard years + 1 leap day = 1461 Western standard days O 

days 

365 O 

730 O 

1095 0 

14610 

365 

365 

365 

366 

365 

365 

365 

365 

days 

365 0 

730 O 

10950 

14600 


1 orbit of 4 solar years is 4 x 365.242189 = 1460.968756 Western standard days O 

Westerse standard days of 24 hours Q irregular solar days 


Figure 9.3 - Course of days and time in a "leap period" of 4 years of which 3 standard years of 365 days and 
1 standard year of 365 days + 1 leap day, so 366 days. 


Figure 9.3 shows a period of 4 years in which one leap day is inserted. This "leap period" of 4 years 
with 1461 Western standard days always occurs 97 times in the total circulation of 400 years. Every 
time this "leap period" occurs, the number of Western standard days is 1 day more than the number 
of solar days. 
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But when the solar days are converted to Western standard time, the difference is much smaller, 
namely 1461 - 1460.968756 = 0.031244 day (44 minutes and 59.48 seconds). 

When 10 of these "leap periods" of 4 years are put in a row, as shown in figure 9.4, the difference 
in days becomes larger (14610 - 14600 = 10 days), while the difference in time remains relatively 
limited (see below). 


Difference in days after 10 orbits of 4 years according to Western 
time reckoning over the period 2000 - 2040 with 10 leap days 

10 orbits of 4 Western "leap periods" is 10 x 1461 = 14,610 Western standard days > 
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1460 

1460 

1460 
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1460 

1460 

1460 

1460 
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1460 

days 1460 t= 

2920 0 

4380 > 

5840 0 

7300 0 

8760 0 

102200 

116800 

131400 

14600 0 


10 orbits of 4 solar years is 10 x 1460.968756 = 14,609.68756 Western standard days t> 

]] Western standard days of 24 hours Q irregular solar days 


Figure 9.4 - Course of days in 10 orbits of a "leap period" of 1461 days. 


Figure 9.4 shows that after 10 orbits of the "leap period" of 1461 days, the total number of Western 
standard days is 14,610 while the total number of solar days is 14,600. After 40 years, a difference 
of 10 days has arisen, the 10x1 leap day in the 10 periods of 4 years. 

But when the two different time systems are calculated according to our Western standard time, the 
difference turns out to be relatively small. This difference is now 14,610 - 14,609.68756 = 0.31244 
days (7 hours, 29 minutes and 54.816 seconds). So the difference in days says nothing about the 
difference in our current Western standard time. 

As mentioned earlier, in the full orbit of 400 years of the Western or Gregorian calendar, the insertion 
of a leap day is skipped a total of 3 times. For the period 2000-2400, this concerns the century years 
2100, 2200 and 2300. This is shown in figure 9.5. 


Distribution of 10 orbits of 40 years over the period 2000 - 2400 CE in 
which 3 leap days are skipped in the century years 2100, 2200 and 2300 
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]] Western standard days of 24 hours Q irregular solar days 

Figure 9.5 - Principle of the distribution of 10 orbits of 40 years over the total orbit of 400 years and 
according to the Western or Gregorian calendar skipping 3 leap days. 

In the total period of 400 years, the 10 orbits of 40 years consisted each of 14,610 days in 7 orbits 
and 14,609 days in 3 orbits (the 3 leap days skipped are indicated in bold). Figure 9.6 shows the 
consequences of this for the total number of days and the total duration. 
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Difference in days after 10 orbits of 40 years according to the Western 
time reckoning over the period 2000-2400 CE in which 3 leap days in 
the century years 2100, 2200 and 2300 are skipped 


□ 10 orbits of 40 years is 10 x 14,610 - 3 = 146,097 Western standard days t> 
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□ 10 orbits of 40 years is 10 x 365.242189 = 146,096.8756 western standard days > 

|] Western standard days of 24 hours irregular solar days 


Figure 9.6 - Course of days and time in the total circulation of the 400 year Western or Gregorian calendar 
after inserting a leap day 97 times. 

The result after 400 Western or Gregorian calendar years is that a total of 146,097 mean Western 
standard days compared to 146,000 mean solar days have passed. This is the known difference of 
the 97 leap days it takes to keep approximately the same time as the 400 solar years in Western 
standard time. In Western standard time the difference is namely 146,097 - 146,096.8756 = 0.1244 
day (2 hours, 59 minutes and 8.16 seconds). From the three examples of the course of days and 
standard time discussed, it thus appears that the difference in days keeps increasing while the 
difference in standard time between the Western standard years and the solar years jumps from 
0.031244 to 0.31244 and then at the end to 0,1244 day. By the way, we do not notice this change 
of standard time at all, because our standard time always runs perfectly smoothly thanks to our 
artificial timepieces. 

Over the period of 400 years, the mean Western standard year has a duration of 146,097 -r 400 = 
365.2425 mean standard days of exactly 24 hours and the solar year in Western standard time 365 
mean solar days of 24 hours and ± 57 seconds. And again it becomes clear that without knowledge 
of the system of this Western system of time reckoning, a solar year with a duration of 365.25 days 
could never have been calculated in the past on the basis of direct observations of the sun alone. 
This requires knowledge of a reference day of exactly 24 hours and a smoothly running clockwork, 
and they certainly did not have that knowledge and that clockwork in ancient times. 

It is abundantly clear that a solar year of 365.25 or 365.2425 or 365.242189 days can only be 
calculated using the Western or Gregorian system of time reckoning. A system that only came into 
being in the 16th century CE and which therefore the ancient Greeks could never have used. The 
conclusion, therefore, cannot be otherwise that the duration of a solar year mentioned by the 
Greeks can only have been obtained from arithmetic comparisons between sun, moon and zodiac 
or from the duration incorrectly calculated by Geminos and Ptolemy using the 19 or 76 year cycle. 
The same also applies to the duration of a solar year mentioned in the ‘Alfonsine Tables’, which is 
based on the relationship between sun and fixed stars (sidereal solar year). 

9.6 Arithmetic duration of solar year 

Normally, the duration of a solar year should be determined in time by observations, measurements 
and counts. This is what we expect today. But it remains curious that at some point somewhere 
between the 4th century BCE and 44 BCE with the introduction of the Julian calendar, the solar year 
duration of 365.25 arose. 
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It has already been mentioned that there are various indications that the duration is obtained by 
measurements of the stars with respect to the sun and moon and not by direct observations and 
measurements of the solar year. Moreover, it was not known then that there is a difference in 
duration between the solar year and the sidereal year. At that time there were no very accurate 
measuring instruments available. 

The decree of Canopus, enacted by Ptolemy III Euergetes in 238 BCE, may also have played a role. 
However, this decree was based on the heliacal rise of the sacred star Sirius, which was out of step 
with the Egyptian New Year's Day. So this decree required an extra day to be added every fourth 
year, making the mean year 365.25 days. This was put into practice using the Julian calendar that 
went into effect from 45 BCE and would later conquer the world after some adjustments by 
Emperor Augustus in 25 BCE and pope Gregorius XIII in 1582 CE. 

The most obvious possibility is that the said 365 1/4 and 365 5/19 days were simply calculated on 
the basis of the 19 and 76 year cycles. Incidentally, it is a coincidence that they were not even far 
off compared to the Western era. However, this calculated duration was readily adopted by later 
authors and took on a life of its own, eventually becoming the basis for the Julian calendar, followed 
by the Western or Gregorian calendar. And it is the Gregorian calendar with the underlying system 
of time reckoning itself that provides proof of this. 

A second possibility is that, assuming an equal length of time of the days, somewhere the duration 
of a day or several days in a certain period of the solar year was chosen when the solar day was 
slightly longer than an average solar day. When this difference is applied at 365 solar days, this will 
occur 365x, so that the excess can increase to about a quarter of a day in a solar year. 


9.7 The crucial moment 

It is clear from the foregoing that somewhere in history there must have been a moment when the 
duration of the solar day was unconsciously changed. I want to emphasize the unconscious 
because in the period in which this must have happened, people had no knowledge of our minutes 
or seconds at all. All the historical facts presented so far point clearly in the direction of calculations 
of the so-called sidereal solar year (Kugler 1910: 5), that is, a measurement between the sun on a 
particular meridian during the day and a star or group of stars relative to that same meridian in the 
evening or night. We would now call this the sidereal year. The number of days was then determined 
on the basis of these measurements, not knowing that a sidereal year has a different length of time 
than a solar year. So the number of solar days of 365.25 in a solar year is and can never have been 
obtained by direct observation but by incorrect calculation. 
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10 Conclusions statements 


From the foregoing it is very clear that the statements mentioned at the beginning of Chapter 2 are 
the result of a series of misinterpretations and half-truths that turn out to be misleading. It is almost 
certain that its origins date back to the 4th century BCE. As a result, the statements in question 
have become so self-evident over time that no one has taken the trouble to check them for 
correctness. The following conclusions can be drawn for these two statements on the basis of the 
factual investigation described above. 


10.1 The first statement 

The first statement regarding the duration of a solar year is: 


a solar year has 365.242189 (or 365.25 or 365.2425) days 


This thesis boasts a history of over 2100 years whose seed was sown unknowingly in the 1st 
century BCE by the Greek astronomer Geminos and his interpretation of the 19 year cycle of Meton. 
Subsequently, Ptolemy gave it his own spin in the 2nd century CE, so that the seed germinated and 
is now firmly rooted. Then this germinated seed was planted in a pot in the 16th century CE and 
became the basis of the Gregorian calendar that we still work with today. In the foregoing, various 
facts and arguments have been put forward that show that this is very likely to be a question of 
whether an improper calculation that has taken on a life of its own and in this form has even started 
to work misleadingly, as has been shown in the literature, or the use of the measurement and 
calculation of a sidereal or zodiacal solar year that closely resembles the known sidereal year. 

Originated at a time when only star clocks, shadow clocks, water clocks and sundials existed that 
were not very accurate. In the period of Meton, even the difference between a solar year and a 
sidereal year was not known. In addition, the few measurements that have survived were mainly 
aimed at compiling a properly functioning lunar calendar. There are many indications that many of 
the measurements were taken in the evening and at night and that certain fixed stars from the 
zodiac were used to measure a year. Measurements based on the relationship between sun and 
fixed stars in de zodiac (zodiacal solar year). 

But the strongest argument against this first statement is the current Western system of time 
reckoning and the calendar itself. The three basic principles of this system are keeping in step with 
the seasons of the natural solar year, a structure and working based entirely on a period of 400 
years and the use of artificial mean standard days of exactly 24 hours. The structure and working 
of this Western or Gregorian system of time reckoning is built entirely on the solar year and can only 
exist by the grace of the solar year of exactly 365 solar days. 

Fact 1 

In the time of the Ancient Egyptians, Babylonians and Greeks, between 2500 and 200 BCE, the 
length of a solar year was determined by direct observations and measurements of the sun itself. 
For this, for example, shadow-sticks (gnomon), sundials en water-clocks were used. However, 
whatever instrument was used, it was impossible at that time to calculate a solar year duration of 
365.25 days. A solar year always had and always has 365 solar days in the orbit of the earth around 
the sun of 360°. In order to be able to calculate a duration of 365.25 (or 365.2422, or 365.2425) by 
direct measurements during the day, 3 factors are essential: 1) a reference day of 24 hours, 2) a 
smoothly running clockwork and 3) a Western or Gregorian system of time reckoning in a cycle of 
400 years. Without these 3 factors, it is completely impossible that the duration of a solar year could 
ever be other than 365 solar days. But these 3 factors were completely unknown at that time as 
they had yet to be invented. 
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Fact 2 

In addition to direct measurements and observations of the sun as mentioned in fact 1, 
measurements were also performed using fixed stars and star groups in the zodiac (zodiacal solar 
year). But until 200 BCE, sidereal year and precession were completely unknown. Determining the 
duration of a solar year via observations and measurements of stars and star groups therefore 
always yielded a duration in relation to a sidereal year, whereby a sidereal year has a different 
duration than a solar year. 

Fact 3 

In order to keep pace with the natural seasons, our current Western or Gregorian calendar and time 
reckoning has an orbital period of 400 years. A standard Western year has 365 days of 24 hours to 
which, according to fixed rules, a leap day must be added in 97 years during the course of 400 
years. In those 400 years, the Western calendar and time reckoning therefore has 400 x 365 + 97 = 
146,097 days of 24 hours each. An average Western standard year therefore has a duration of 
146,097 -r 400 = 365.2425 days. 

Fact 4 

In the same orbit of 400 Western standard years, 400 solar years also pass. A natural solar year has 
365 solar days of unequal duration. Solar years do not have leap days. The 400 solar years 
therefore together have always 400 x 365 = 146,000 solar days. 

Fact 5 

At the end of the 400-year orbit, the 400 Western or Gregorian years with 146,097 days of 24 hours 
traveled much the same time as the 400 solar years with 146,000 solar days. So our Western or 
Gregorian calendar and time reckoning needs 97 more days of 24 hours to arrive at about the same 
point in time after 400 years. 

Fact 6 

It was not until after the invention of the pendulum or pendulum clock in the 17th century CE that 
units of time, such as days and hours, could always be created of the same mean duration. Prior to 
this invention, no instruments existed that could measure units of time of the same mean duration. 

Fact 7 

There was and is no other system of time reckoning with which to calculate such a duration of a 
solar year. In addition, two of the world's unique basic principles of Western time reckoning date 
from 16 th and 17 th century CE Europe and thus could not possibly have been known in the Middle 
East or Central America more than 3,000 years earlier. 


To date, not a shred of evidence has been presented to conclusively show that the ancient Greek 
astronomers could count one day comparable to our 24 hours of 60 minutes and each minute of 60 
seconds. Because as the facts show, only with this Western calendar en system of time reckoning 
a solar year can be calculated of 365.242189 or 365,2425 days. So it cannot be otherwise than that 
these ancient Greeks had to deal with the natural solar day, which is also confirmed in many ways 
in the ancient literature. There was nothing else. Thus, the ancient Greeks could never have 
calculated the duration of a solar year according to the system of the Western standard days, which 
was not invented until 2000 years later in the 16th century CE in the form of the Western or 
Gregorian time reckoning and calendar. It is therefore very obvious that the various ancient 
measurements mentioned were based on observations of the zodiacal solar year or the anomalistic 
year and not on direct observations of the sun. 

It is not the solar year that has 365.25 or 365.2425 or 365.2422 days, it is the Western or Gregorian 
calendar year that takes an average of 365.25 or 365.2425 or 365.2422 standard days to stay the 
same run with the seasons of the natural solar year. After all, it is the Western or Gregorian system 
of time reckoning itself that says that on the one hand a solar year counts 365 solar days and on 
the other hand clearly indicates that the system of the Gregorian calendar is necessary to be able 
to calculate a year of 365.2425 or 365.25 days. 


102 


Without this knowledge and system, how would the Ancients have calculated such a year, other 
than, for example, through the sidereal solar year (also called zodiacal solar year) used in their time 
or the previously discussed improper methodology of Geminos and Ptolemy through the 19- and 
76-year cycles. 


The statement should therefore be: 


a solar year of 365 solar days has, based on epoch 2000.0, a 
duration equal to 365.242189 mean Western standard days of 
24 hours per day 


Application in chronology 

It is preferable to use the Western or Gregorian system of time reckoning in chronology because it 
is almost identical to the solar year (Otto Neugebauer 1983: 171). But then with the correct epoch- 
duration of the solar year that applies to the period under investigation. It is of course not correct 
to use an epoch of the year 2000 CE for the period 3000-2900 BCE, for example, as is unfortunately 
sometimes mentioned in the literature. It is also very curious that often the Julian year of 365.25 
days is used, which was only created shortly before the beginning of our current era and which is 
known to be not very synchronous with the solar year. 


10.2 The second statement 

The second statement regularly mentioned in the literature, concerns the shifting of the spring 
equinox and the vernal point and reads: 


the equinoxes and the vernal point 


S>l III l da d 






The Ancients were firmly convinced that the seasonal points, as the turning points of the sun 
relative to the earth and as the starting points of the seasons, had a very fixed pattern. It is 
impossible in the relationship between the sun and the earth that one season point, the spring 
equinox and the inseparable vernal point, would move as a result of precession, while the other 
season points apparently remain in place for they are strangely never mentioned. 

Fact 1 

An equinox is not a natural phenomenon but a man-made phenomenon of a moment in time based 
on natural movements of the earth itself and its orbit around the sun. In fact, it is the moment when 
the days and nights are equally long everywhere and last a full day. An equinox is therefore strictly 
bound to the relationship between sun and earth and has no relationship whatsoever with stars, star 
groups or starry sky. 

Fact 2 

The spring and autumnal equinox are among the four seasonal points that are inextricably linked 
with each other and with the earth's orbit around the sun. If one of these season points were to shift, 
according to the applicable laws and logic, the other three season points should also shift. And as 
far as I know that has never happened. 
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Fact 3 

Precession is caused by the tilt of the earth's axis that makes a spinning motion. The hypothetical 
ends of this earth's axis point towards the starry sky. Due to this spinning movement, the starry sky 
appears to be spinning slowly. Currently, the northern hypothetical celestial point is an extension of 
the earth's axis to the polar star Polaris. This terrestrial spinning movement has been in orbit for 
about 25,678 years. It has been calculated that in the year 4145 CE the star gamma Cephei will be 
the polar star. To measure the speed of this precession, the hypothetical intersection of ecliptic, 
celestial equator and north-south axis (meridian) is used, called vernal point (northern hemisphere) 
or autumnal point (southern hemisphere), a very short moment during the day of the equinox. Using 
this point, the shift of the earth's axis from the starry sky is measured and expressed in a sidereal 
year. 

Presumably this statement originated in ancient times during the many nighttime observations of 
the moon and the stars. At that time there was no difference between a sidereal year and a solar 
year, but they were constantly working on adjusting the lunar calendars to the duration of the solar 
year as well as possible. 

Because the sun cannot be seen at night, a relationship has been made between the position of the 
moon relative to the sidereal zodiac at night and a specific day in the orbit of the sun during the day 
(see 5.10). Then a fixed star was aligned with the moon and the distance between them was 
measured. 

And after many nocturnal sightings from generation to generation, the Ancients could not help but 
realize that the distance between a favourite star and the fixed point of the season was changing. 
Since the Ancients believed that the stars were motionless, it seemed to them as if the season point 
in question was shifting. 

But measurements over long periods with an astronomical program such as SkySafari 6 Pro quickly 
show that the spring equinox with the inseparable vernal point on earth, simply remains in the same 
place for the observer on earth and occurs at the same time in a year (see figures 6.5-6.9). For the 
spring equinox and the vernal point are not tangible or natural phenomena, but useful moments 
devised by man in the time of the cycles of the sun and earth. In addition, seasonal points are 
usually measured during the day with the sun shining. No star or starry sky influences this. The 
visual observation by humans of the changing position of the stars in the starry sky is therefore only 
an optical phenomenon caused by the spin of the earth's axis (see Chapter 7). 

Of course, people on earth simply go with the toll movement and do not notice it at all. However, 
due to the spin of the earth's axis with respect to the fixed starry sky, the viewing angle of man on 
earth constantly changes and the stars and star groups seem to move. For this full spinning motion 
of 360°, the earth needs 25,678 Western standard years as a long-term average, after which the 
starry sky will look exactly as it did to us on earth as it did when it started the next orbit of this 
spinning motion. A completely natural process. The above statement therefore concerns the 
shifting of the earth's axis with respect to the stars or star groups. The vernal point during the spring 
equinox has been chosen as the hypothetical earthly measuring point for this spinning motion. 

The direction in which this shifting of the earth's axis relative to the starry sky takes place depends 
on the viewing direction. When the observer is looking southward, the shift will be to the left, i.e. to 
the east. Looking north, the shift is to the right, so to the west. 

The statement should therefore be: 


due to precession the north-south axis of the earth shifts by 1° 
every 71,327 Western standard years with respect to the fixed 
stars and star groups 
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